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LTexy Annotation 

This seconq editibn, revised and supplemented, of the handbook first pub
lished in 1967 provides basic information on the interaction of ionizing 
emissions and matter, the biological effect of radiation, levels of natural 
exposure of the human organism, the tolerable dosage of exposure, calculat~ 
ing the dosage, and protection against radiation. The book describes the 
methods of dosimetry for ionizing radiation, dosimetric instruments, a.~d 
methods of calibrating them. 

The handbook contains data on sample sources of ionizing radiation, the 
transportation of radioactive substances, and removal of radioactive waste. 
In addition it has recommendations on organization of radiation monitoring 
services. 

The handbook is intended for engineering-technical and scientific workers as 
well as employees of the radiation monitoring services of enterprises and 
institutions in the power, metallurgical, machine building, mining, chemi
cal, food, light, and other industrial sectors where nuclear power plants, 
sources of ionizing radiation, and radioactive substances are used and where 
equipment w.ith sources of ionir.ing radiation is employed. 

The book contains 16 illustrations, 80 tables, and 76 bibliographic entries. 
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Foreword 

Ten years have passed since the first edition of this handbook was published [l]. In these years several fundamental works have been published in the fields of radiation and nuclear safety, dosimetry of ionizing radiation, and protection against radiation. The reference literature in this field has also been supplemented. New normative documents have been adopted, such as the Norms of Radiation Safety NRB-76 [2], Basic Sanitary Rules for Work With Radioactive Substances and Other Sources of Ionizing Radiation OSP-72 [3], Sanitary Rules for Designing Atomic Power Plants [4), Sanitary Rules for Designing and Operating Nuclear Critical Installations [5]. All of these publications and reference findings on methods of protection against· radiation are essential to one degree or another to scientific and engineering-technical workers and employees of radiation safety services in their everyday work using atomic energy in the national economy and in scientific research. 

A great deal of reference literature on radiation protection and methods of dosimetric monitoring has been published in the USSR. N. G. Gusev's handbook was published in 1956 [6]. This handbook contains information on nuclear physics ( unit·s of radioactivity, half-lives, and other characteristics of radionuclides). It gives maximum tolerable levels of external and internal radiation in effect at that time. The book has univer$al tables for · calculating protection against y-radiation (broad beam) with different materials and the coefficients of attenuation and electron conversion of a narrow beam. N. G. Gusev's handbook was an important work for dosimetrists working in the field of radiation safety and for a long time was the only publication of its type. 

The handbook written by A. A. Moiseyev and V. I. Ivanov, which ca.me out in 1964 with the second edition in 1974 [7], gives a significant place to findings on the natural radioactivity of environmental and man-made objects. The book presents basic information on the radioactivity and properties of ionizing radiation, calculating the tissue dosage of exposure and dosage of exposure of different human organs and tissues, the dosage of neutron radiation, maximum tolerable levels of exposure, and protection against y-radiation. 

2 

FOP. OFf!Clf1L USE Q\\!LY 

f. 



... 

'.> 

I 
'f 

FOR OFFICIAL USE ONLY 

Several handbooks and references have been published as aids to calculating 
protection against ionizing radiation, including the 1965 handbook 
"Biologicheskaya zashchita yadernykh reaktorov" [Biological Protection of 
Nuclear Reactors] [8] and B. R. Bergel'son and G. A. Zorikoyev's handbook 
"Zashchita ot izlucheniy protyazhennykh istochnikov" [Protection Against the 
Radiation of Extended Sources] [9], which contain data in nomograph form for 
calculating protection against radiation from sources of various configura
tion. 

In 1965 the handbook of L. M. Mikhaylov and Z. S. Aref'yeva came out [10] . 
It gives tables and nomographs for calculating protection against y-radia
tion of point sources with water, iron, lead, tungsten, and uranimn as well 
as the lead glasses TF-1, TF-5, STF. Nomographs are given for the 38 most 
wide;Ly used sources of y-radiation. 

In 1966 L. R. Kimel 1 .and V. P. Mashkovich I s handbook "Zashchi ta ot 
ioniziruyushchikh izlucheniy" [Protection Against Ionizing Radiation] (sec
ond revised and supplemented edition ca.me out in 1972) was published [11]. 
It provides the essential data for calculating protection against y~, a-, 
B-, and n-radiation, sets forth the basic characterist.ics of sources of ra
diation, and reviews the· effect of irregularities in protection on the pas-

• sage of radiation. 

N. G. Gusev's handbook "Zashchita ot y-izlucheniya produktov deleniya" [Pro
tection Against they-Radiation of the Products of Fission] (1968) [12] con
tains basic data on radiation characteristics and protection against they
radiation of products of fission that form in a nuclear reactor or as the 
result of a nuclear explosion. 

In 1972-1973 a translation was published, the two-volume reference work 
"Rukovodstvo po radiatsionnoy zashchite dlya inzhenerov" [Handbook on Radia
tion Protection for Engineers], written by leading specialists in calcula
tion of protection with involvement by Soviet authors and published in 1968 
at the initiative of the.International Atomic Energy Agency [13]. The hand
book "Kriticheskiye parametry sistem s delyashchimisya veshchestva.mi i 
yadernaya bezopasnost'" [Critical Parameters of Systems With Fissionable Ma
terials and Nuclear Safety] by B. G. Dubovskiy and coauthors [14], which was 
published in 1966, contains the basic concepts of criticality and principles 
of insuring nuclear safety and the basic norms of nuclear safety. 

The present revised and supplemented edition of "Spravochnik po radiatsionnoy 
bezopasnosti" is intended for workers involved with questions of radiation 
safety in their daily work. The terminology and symbols used in the hand
book.were adopted in conformity with the recommendations of the Committee 
for Scientific-Technical Terminology of the Academy of Sciences USSR under 
the title "Dosimetry for Ionizing Radiation" [15] and the state standards 
"Units of Physical Quantities" (draft standard), "Ionizing Radiation" [16], 
"Neutron Radiation" [16a], "Instruments for Measurement of Ionizing Radia
tion" [17], and are similar to the terminology and symbols used by V. I. 
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Ivanov in his textbook "Kurs dozimetrii" [Course in Dosimetry] [18] and also 
to the recommendations of Report No 19 of the International Commission on 
Radiation Units and Measurement [18a]. 

This second edition reflects changes in the operative standards of radiation 
safety in the USSR and state standards for units and terminology in the 
field of ionizing radiation. It includes data published in Soviet and for
eign literature up to 1975 concerning methods of dosimetry for ionizing ra-
diation and radiation monitoring instruments in addition to other useful in- i 
formation. 
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Chapter 3, The Biological Action of Ionizing Radiation 

3.1. The Mechanism of the Biological Action of Radiation 

The biological action of ionizing radiation can be provisionally divided 
into the following: 1) the primary physicochemical processes occurring in 
the molecules of live cells and the substrate surrounding them; 2) distur
bances of the functions of the integral organism as a consequence of primary 
processes. 

As a result of radiation in the live tissue, just as in any medium, energy 
is absorbed and excitation. and ionization of the atoms of the irradiated ma
terial occur. Inasmuch as in man (and mammals) the_ basic part of the body 
weight is water (about 75 percent), the primary processes are determined to 
a great extent by the radiation absorption by the water of the cells, ioniza
tion of the water molecules with the formation of free radicals of the OH• 
or H• type that are highly active in chemical respects and subsequent chain 
catalytic reactions (basically oxidation of the protein molecules by these 
radicals). This is the indirect action of the radiation through the prod
ucts of radiolysis of the water. The direct action of the radiation can 
cause splitting of the protein molecules, rupture of the least strong bonds, 

- separation of the radicals and their denaturation alterations. 

:tt must be noted that the direct_ ionization and the direct transmission of 
energy to the body tissues do not explain the harmful action of the radia
tion. Thus, in the case of an absolutely fatal dose equal to 600 rads for 
the entire body of a man, 1015 ions are formed per cubic centimeter of tis
sue, which amounts to one ionized water molecule out of 10 million molecules. 

Then under the action of the primary processes in the cells functional 
changes take place which are subject to the biological laws of the life of 
the cells. 

The most important changes in the cells are the following (26]: 

a) damage to the mitosis (division) mechanism and the chromosome apparatus 
of the irradiated cells; 

• 
5 

t:'(V) fl r-,,,.., • • • ,r. ... • ..•.... 



FOR OFFICIAL USE ONLY 

b) blocking of the renewal and differentiation processes of the cells; 

c) blocking of the processes of proliferation and subsequent physiological 
regeneration of tissues. 

The cells of the constantly renewed (differentiated) tissues and organs (the 
bone marrow, spleen, sex glands, and so on) are the most radiosensitive. 
The changes in the cell level and death of the cells lead to disturbances of 
the functions of individual organs and interorgan interrelated processes in ~ 
the organism which cause various consequences for the organism or death of 
the organism. 

3.2. Possible Consequences of Human Exposure 

The classification of the possible consequences of the irradiation of people 
is presented in the following diagram [26]: 

Key: l. 
2. 
3. 
4. 
5. 
6. 
1. 
8. 
9. 

10. 
11. 
12. 
13. 

(1) iJuayu0HHb:e 3rprpe1<mbt 
ooity,;eHufl 1110uetl 

(2) (3) reffemw,ec1<u.e 

(5) Ocm{!a.11 ,40,"/:JH(lH!'nHbl{: 
'?a,wi8afl ceitHbte 

Ol1e3Hb /'1'Jn/UU,U.~ 

Xp0HUIJl!CKO.R /leuK0Jbl Peu,eccu8Hb1e (8) 11y'lelJa.11 (9) ,10Ka11ecm8eHHble 2eHHbte 
60ll83Hb UJMeHeHUR Hymaquu 

Kpo8oor5pa.Jyl0/J./UX. 
Kl18fTI0K) 

/I0l(U/fbHbl8 Onyxo11u XpoH0C0HHb!e (1i 1/y'le&le 12) pa3Hb/X op2GHO8 aocppa14uu no8p(!)K/JeHUR U KAemOK 

Radiation effects of the radiation of people 
Somatic 
Somatic-stochastic 
Genetic 
Acute radiation sickness 
Reduction of life span 
Dominant gene mutations 
Chronic radiation sickness 

7) 

(10) 

(13) 

Leucoses (malignant changes in the hemogenic celis) 
Recessive gene mutations 
Local radiation damage 
Tumors of different organs and cells 
Chromosome aberrations 

Somatic effects are the consequences of the effect of irradiation on the 
person who has been irradiated. These effects are c4aracterized by the 
probability of their manifestation in percentages as a result of the sig
nificant fluctuations of individual sensitivity to irradiation . 

• 
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The somatic-stochastic effects are revealed with insignificant changes in 
the cells and tissues which cause remote consequences. The somatic-stochas
tic effects have a probability nature and can be detected after a prolonged 
period of Observation of large contingents of irradiated people (hundreds of 
thousands and millions). 

The genetic effects are the effect of the irradiation on the sexual cells 
with a dosage level which is not dangerous to the given individual, but 
these effects can be manifested in subsequent generations inasmuch as the 
genes of the chromosomes entering into the cell nucleus transmit inherited 
information from one generation to another. 

Irradiation (both chemical and other effects} can cause harmful changes (mu
tations) in individual genes,* in the chromosome structure or change the 
normal number of chromosomes. (A human cell nucleus contains 23 pairs of 
chromosomes which contain 103 genes [27).) An effect which doubles the fre
quency of the :mutations has been considered dangerous for subsequent genera
tions. The calculated theoretical dosage corresponding to twice the muta
tion frequency in man is in the range of 10-100 rads [27]. The dominant 
gene mutations appear in the next generations on the basis of the statisti
cal analysis of changes in the large contingents of irradiated people .. 

The recessive-genetic effects are not manifested in the first generation, 
but they extend to an infinite series of subsequent generations. Therefore 
the significance of recessive mutations is small. 

For radiation effects of general and local irradiation of man the dependence 
on the one~time dosages and individual sensitivity of the organism** is char
acteristic, which is illustrated by the following diagram [28): 

LFollowing ragi/ 

* Mutations occur also spontaneously, which has important significance in 
the biological evolution of the animate world inasmuch as they influence the 
adaptation of the new beings to their environment. 
** The individual sensitivity is obvious from this diagram because the mean 
fatal dosage of 400 rads leads to a fatal outcome in only half of the irra
diated people. 
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,4oJa om . llpec1e II b!IO /(/JJG. /IEUKOHO· 
ecmecmfJeH- QonycniuMafl i:m;afJiJa.111ozo eeHHblU. 
H020 QJOH) iJoJa np01pec- pucKafJ ypo8eHb 
8 eoi/ (1 CUOHal/bHOZJ 'lpe:,81;:11atiHblX ( 4) .. 

00,1y11(:ufl 06cm0Rme11b-
t • 8eo/J 2) cm8ax ( 3) 
t t t t j 
0,07 ~2 5 10 25 100 

t t 
(5 l Upo8eHb · ( 6 l Ypo8eHb xpamKolJpeHeHHOti 

g08oeHUR cmepu11uJatJUU{nomepu K 
Zl'"Jtb/X HymaqwJ 6ocnpouJ6oocmBy nomoHcm8a)' 

,(Jo3a 
. 803HUKH08eHUR 

nep8u11Hoti 
11y11e8ou.· c1 ) peaKi;uu : • 
t • 
f 4 

150 200 

CpeiJHe
CMepme11b
HQR iJ03a 

(8) 

+ 
"fOO 

Aoco1110mHO 
CMepmMb
HOJI iJoJa 

(9) 

600 
f t 

HeKPOJ 
KO~uff 

(101 
4 t 

10• Tads 

( 11 ~pumeMa •= J 
(4«oe KOJK.u) llocmoRHHafl (12) 

cmeputtuJaquR * 

* Local irradiation of the body or organs. 

Key: 1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 
11. 
12. 

Dosage from the natural background per year 
Maximum admissible dosage of professional irradiation per year 
Justifiable risk dosage in extraordinary situations 
Leucomogenic level 
Level at which the gene mutations level 
Level of short-term sterilization (losses to reproduction of an 
offspring)* 
Dosage of occurrence of primary radiation reaction 
Mean fatal dosage 
Absolutely fatal dosage 
Skin necrosis* 
Erythema (burns of the skin)* 
Permanent sterilization* .,, 

A dose of 600 rads (a 100-percent lethal dosage) causes death in all of the 
irradiated people not having medical treatment. The radiation effects pre-
sented in the diagram essentially depend on the irradiation rate, the inter- ~/ 
vals between subsequent irradiations and the linear ionization density (the 
linear energy transfer) of the individual forms of ionizing radiation. This 
indicates the occurrence of the reduction processes in the irradiated organ-
ism. If such processes did not occur the irradiation effects would not de-
pend on the power of the dosage or the Q-factor of the irradiation. It is 
proposed that in man up to 90 percent of the harmful consequences of irradi-
ation are reversible, and the irreparable portion of the radiation effect is 
10 percent [ 29]. 
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In order to estimate the probability of the occurrence of somatic-stochastic 
effects of irradiation static data on the number of cases of leukemia.and 
all forms of cancer among Japanese who went through the atomic bombing and 
also in people undergoing radiation therapy are now used. These data (50-70 
cases of deaths per 106 human-rads [30]) indicate the presence of linear de
pendence of the dosage-effect on the short-term irradiation in the range of 
100 rads or more. However, radiobiologists can still not uniquely establish 
-whether dose.s exist for which the somatic-stochastic effects do not occur, 
that is, whether there is a radiation effect "threshold" and whether it is 
possible for man to tolerate linear dosage-effect relations (according to 
the available statistical data) in the small dose range and chronic irradia
tion in small doses. 

The genetic effects obviously do not have a threshold, but their probability 
increases linearly with an increase in dosage [31]. 

3. 3. The. Biological Effectiveness of Radiation and the Equivalent Dosage 

As was noted above, the biological effect of the ionizing radiation is pro
portional not only to the absorbed_energy (that is, the irradiation dosage) 
but also the linear density of the ionization of the ionizing particles and 
also it depends on the power of the dosage, the temperature and the acidity 
of the irradiated tissue, and so on. In order to compare the biological ef
fects of va,;rious types of radiation the coefficient of relative biological 
effectivene,ss is used ( the OBE coefficient). 

The radiation effect of X-radiation (Ey = 200 keV) with a linear ionization 
density of 100 ion pairs per micron of water and linear energy transmission 
of 3.5 keV per micron of water is taken as the standard. Therefore the OBE. 
of all other radiations creating linear ionization density no more than the 
indicated v:-alue are assumed equal to one. According to definition, 1 OBE = 
1 rem/rad. Here the rem (some authors call this unit the berad [remrad]) is 
the absorbed dosage of any type of radiation which causes equal biological 
effect with the dosage per rad of X-radiation. 

Inasmuch as the coefficient of relative biological effectiveness is not a 
physical variable and depends on a number of biological parameters, the OBE 
is used only in radiobiology . 

In radiation protection for summation of the doses obtained by the personnel 
considering the biological effectiveness of various types of radiation, in-

~ stead of the OBE the radiation quality factor K is used. 

The dosage called equivalent is measured in rem units and is numerically 
equal to the abs.orbed dosage in rads multiplied by the radiation quality 
factor, that is, De= DK. The values of the quality factor in the case of 
external irradiation recommended by the International Commission of Radio
logical Shielding (MKRZ) are presented in Table 3.1. 
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Table 3.1. Values of the Mean Linear Ionization Density, the Mean Linear 
Energy Transfer, the Quality Coefficient and the Coefficient of 
Relative Biological Effectiveness [31] 

Mean Linear Ioniza
tion Density, ion 
pairs/micron of water 

:.: 100 
100- 200 
200~ 650 
650-1,500 

1,500-5,000 

Mean Linear Energy 
Transfer, keV/micron 
of water 

!> 3-5 
3-5- 7.0 
7.0- 23.0 

23.0- 53.0 
53.0-175.0 

Quality Coefficient, 
Coefficient of Relative 
Biological Effectiveness 

1 
1- 2 
2- 5 
5-10 

10-20 

In practice values of K = 10 are assumed for fast neutrons and protons with 
an energy to 1 MeV for all of the organs and tissues with the exception of 
the crystalline lens of the eye and the K = 20 for a particles and the heavy 
recoil nuclei. The values of the quality coefficient are presented in more 
detail in Chapter 5. 

If the neutron spectrum is unknown, it is possible for simplicity to multi
ply the absorbed dosage from all the neutrons by k = 10 and obtain a high 
value of the equivalent dosage, considering it the upper bound of the .possi
ble dosage. 

In the case of internal irradiation (as a result of radionuclides, getting 
inside the organism) the coefficient K is assumed equal to the following: 
a) 1--for electrons, positrons, x~radiation and y-radiation and 1.7--for 
electrons and positrons with maximum energy less than 0.03 MeV; b) 20--for 
a particles; c) 20--for recoil nuclei. 

The dosimetric control of the chronic professional irradiation is carried 
out at radiation levels which are significantly below those that are used for 
determination of the OBE in the radiobiological experiments. It was estab
lished that the OBEM for small doses differs from the OBEb for large doses 
and, consequently, in the radiation protection of the personnel the use of 
the quality coefficient adopted for the low doses and the dose powers is 
more .correct. It must be more correct to define the quality coefficient K 
as the ratio of the maximum permissible dosage (MPD) of a single radiation 
creating a defined risk of radiation effects to the maximum permissible 
dosage of another radiation causing the same risk. The quality coefficient 
establishes that the risk of the radiation effect from the MPD of irradia
tion with high LPE [linear energy transfer] does not exceed that which is 
created with low LPE. From the experiments it follows that the OBE coeffi
cient increases with a decrease in the dosage and the power of the irradia
tion dosage and reaches some maximum value of the OBEM for very low values 
of the irradiation dosage. In this dosage range the OBEM has a tendency not 
to depend on the dosage power. For a dosage of only 100-200 rem the OBE co
efficient begins to depend noticeably on the dosage power. Up to 25 rem it 
is possible to consider that the QBE does not depend on the dosage power. 
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The values of K under the conditions of the maximwn permissible radiation 
dosage do not exceed the values of OBE and can be equated to them (see Table 
3.1). The~e values of Kare applicable for any power dosage if the dosage 
obtained does not exceed 25 rem. 

For individual charged particles the time during which the particle gives up 
its energy to the tissue is very small (usually less than 10-12 sec) and, 
consequently, the radiation effect of the individual particle does not de
pend on the dosage power but is connected with the released energy. There
fore the indicated OBE coefficient cannot be extended to certain special 
cases: the effect of the individual charged particle with a high value of 
LPE, the formation of "stars"--several ionizing particles flying away on 
splitting of the nucleus by high-energy radiation, and so on. 

3.4. Radiation Sickness in Hwnans 

Radiation sickness is divided into acute and chronic. 
diation sickness can be vague or clearly expressed. 
tal dosage and the rhythm of the irradiation. 

The course of the ra
This depends on the to-

In the expressed form of radiation sickness the period of the primary reac-
• tion, the latent period of formation of the disease, the recovery period and 

the period of remote consequences and outcomes of the disease are distin
guished. 

In Table 3,2 the clinical effects of a uniform short-term irradiation of the 
entire body by external radiation or when radionuclides get into the organ
ism with uniform distribution inside the body creating equal dosage are pre
sented in Table 3.2 [32]. 

As is obvious from Table 3.2, the time of appearance of the primary reaction 
depends on the radiation dosage. The radiation sickness occurs for a dose 
of more than 200 rads in the majority of people suffering from it. At a 
dosage of 600-1,000 rads, in addition to vomiting, as the primary reaction, 
a single liquid stool is possible. 

The latent period--the apparent clinical well-being--fluctuates from 14 to 
32 days in man as a function of the seriousness of the damage. When the 
dosage is significantly greater than 1,000 rads, after the primary reaction 
the last phase of the disease comes almost immediately. With a dosage of 
less than 100 rads the clinical symptoms of acute radiation sickness do not 
develop. 

For a dosage of more than 300 rads epilation (baldness) occurs after 12-17 
days. During the period of apparent clinical well-being, as a rule, the 
general weakness diminishes, drowsiness disappears, appetite improves, and 
the patient feels entirely satisfactory. However, these improvements are an 
explicit contradiction to the condition of the hemogenic organs (the number 
of leucocytes and thrombocytes in the blood is reduced, and the marrow is 
destroyed), the skin, the gastrointestinal tract and the gonads. 
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In the 100-1,000-rad range the conversion to the period of expressed clini
cal manifestations is especially sharp. The patient feels sharply worse 
during this period. Depending on the dosage, the temperature rises from 
subfebrile to 39-40° C; eruptions or hemorrhaging appears on the skin, the 
tongue and the palate. Inasmuch as the defensive forces of the organism 
against infection are weakened, during this period the occurrence of infec
tious complications and also hemorrhaging in the vitally important organs 
constitutes a threat to life. For therapy early application of broad-spec-
trum antibiotics, blood transfusions and possibly marrow transplant and an- • 
tihemorrhagics is favorable. 

Table 3.2. Clinical Effects in the Case of Short-Term General Irradiation 
[32] 

Index 

Vomiting 

Time of appear
ance of primary 
reaction 

Basic damaged 
organ 

None 

None 

Characteristic None 
symptoms 

Times of criti
cal changes af
ter irradiation 

0-100 
Clinical Effect for a Dosage, rads 

100-200 200-600 

100 rads--5% 
200 rads--50% 
3 hrs 

From 300 rads--100% 

2 hrs 

Hemogenic tissue 

Moderate leucopenia Serious leucopenia, 
purpura; hemor
rhagia; infection; 
epilation with a 
dosage of more 
than 300 rads 

4-6 weeks 

Therapy Psychotherapy Psychotherapy, he
matological obser
vation 

Blood transfusion, 
antibiotics 

Prognosis Favorable Favorable Cautious 
1-12 months Recovery time 

Death rate 
Time of occur-
rence of death 

Cause of death 

Index 

Vomiting 

Several weeks 
None 0-80% (fluctuates) 

1.5-2 months 

Hemorrhagia; infec
tion 

Clinical Effect for a Dosage, rads 
600-1,000 1,000-1,500 More Than 5,000 

100% 100% 
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Table 3.2 (continued) 

Index 

Time of appear
ance of primary 
reaction 

Basic damaged 
organ 

Characteristic 
symptoms 

Times of criti
cal changes af
ter irradiation 

Therapy 

Prognosis 
Recovery time 
Death rate 

Time of occur
rence of death 

Cause of death 

Clinical Effect for a Dosage, rads 
600-1 2000 1 2000-1,500 More Than 5 2000 

1 hr. 

Hemogenic tissue 

Serious leucopenia, 
purpura; hemor
rhagia; infection; 
epilation with a· 
dosage of more 
than 300 rads 

4-6 weeks 

Possible marrow 
transplant 

Unfavorable 
Prolonged 
80-100% (fluctu
. ates) 
1.5-2 months 

Hemorrhagia; infec
tion 

30 min 

Gastrointestinal 
tract 

Diarrhea, fever; 
disturbance of 
electrolytic bal
ance 

5-14 days 

Maintenance of 
electrolytic bal
ance 

Central nervous 
system 

Spasms; tremor; 
ataxia; leth
argy 

1-48 hrs 

Tranquilizers 

Hopeless 

2 weeks 

Circulatory col
lapse 

90-100% 

1-3 days 

Interference 
with breathing 
and brain edema 

Note: 0-100 rads--preclinical range; 100-1,000 rads--therapeutic range; 
100-200 rads--clinical observation; 200-600 rads--successful therapy; 
600-1,000 rads--therapy is possible; more than 1,000 rads--lethal 
range, .palliative therapy. 

The recovery period lasts ~sually 4-8 weeks beginning with the time of tem
perature normalization. The general feeling of well-being a.nd appetite im
prove, weight is recovered, the hemophilia of the palate and gums is dimin
ished, ·and the damaged sections of the skin cicatrize. The number of leuco
cytes and thrombocytes in the blood increases, and violent regeneration oc
curs in the marrow. By the end of the 3d month the patient comes to f~el 
entirely satisfactory. Growth of hair at the epilation points begins in the 
3d to 4th month. The possible remote consequences of the survived radiation 
sickness includes the development of cataracts, increased risk of leucosis, 
moderate leucocytopenia, neutrocytopenia and thrombocytopenia; endocrine 
disturbances. 
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Two cases in S.oviet medical practice.indicate how effective the timely, 
skillfully performed therapy for acute radiation sickness of medium and serious types is. 

A man 27 years old was irradiated near the core of a reactor. The dosage 
with respect to uniform y-n-irradiation of the entire body was 300 rem, the region of the head, the left and right arms received 400-600 rem. The phase of the disease was about 20 days; after 3 months he was returned to work 
(with exclusion of the possibility of irradiation). Observation of him af- ~ ter 10 years indicates complete recovery of fitness and absence of signifi-
cant changes in the condition of his health. Five years after irradiation pis wife gave birth to a healthy boy. f 
A woman 19 years old received a dosage of 980 rem from a powerful y-n-source for several seconds over her entire body (to 1,200 rem on individual sections of the body). The ratio of they-irradiation dosage to the neutron dosage 
was one. The irradiation by the neutrons of individual organs of the body was nonuniform. 

Beginning with the 31st to 34th days, the patient's feeling of well-being 
gradually improved; on the 68th day she was discharged from the hospital in 
good condition under outpatient observation. After 1 year she returned to 
work as a laboratory specialist, and then she entered the medical high 
school and graduated from it. Over 11 years of observation her general 
feeling of health has for the most part been good. In the 3d year after irradiation, a slowly progressive radiation cataract was discovered. The 
blood indices were at the lower limit of the norm or they were moderately 
reduced. She dealt with her work successfully and was active. She was mar~ ried after 9 years and in the 2d year of her marriage gave birth to a boy, 
the physical and mental ~evelopment of which has had no deviations from the norm. 

The described clinical symptoms of radiation sickness occur after general (external or internal) irradiation in the indicated (100-1,000 rad) dosage 
range. The local irradiation of individual parts of the body or individual organs causes lighter general consequences which depend on the degree of 
damage to the most radiosensitive organs (marrow, spleen, gonads). The radiation therapy for cancer where the local tumors are irradiated by significant doses (10 3 to 104 rads) and the human tolerates radiation sickness in a light form is based on this. It must be noted that the clinical symptoms of the primary reactions, the data from analyzing the blood and marrow and es
pecially the outcome of the chromosome aberrations (damage) in the blood 
cells and marrow permit the doctors to determine the irradiation dosage in 
the range of 100-1,000 rads, and predict the severity of the radiation sick
ness and perform the required treatment. The biological and clinical symp
toms serve as a valuable supplement to the individual dosimetric data by 
means of which it is impossible precisely to determine the nonuniformity of 
irradiation of the body, the spectral composition of the radiation and the · biological effectiveness of the dosage. 
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The acute form of loc'3.l radiation damage (from local irradiation) is charac
terized by the long duration of the disease and can lead to the formation of 
recurring edemas and skin cancer. 

Chronic radiation sickness is formed gradually in the case of prolonged ir
radiation by doses exceeding the maximum admissible for professional irradi
ation. This form of the disease can occur both in the case of general irra
diation (external or internal) of the entire body and in the case of predom
inant damage to the individual organs or systems of the organism. The period 
of formation of the chronic radiation sickness coincides with the time of 
accumulation of the irradiation dosage. After reducing the irradiation to 
the admissible level or complete curtailment, the recovery period comes and 
then comes a prolonged period of consequences of the chronic disease. 

The chronic radiation sickness from general irradiation is broken down into 
the following stages: 

Stage I (the light stage) is characterized by neuroregulatory disturbances 
of the cardiovascular system and nonpersistent moderate leucopenia and, more 
rarely, thrombocytopenia. 

In stage II (the medium stage) deepening of the neuroregulatory disturbances 
is observed with manifestation of the functional insufficiency of the diges
tive gland~, the cardiovascular and the nervous system, disturbance of cer
tain metabolic processes, persistent moderate leucocytopenia and thrombocyto
penia. 

In stage III (serious) acute leucocytopenia and thrombocytopenia appear, 
anemia develops, atrophic processes occur in the mucous gastrointestinal tract. 

In the case of prolonged irradiation of individual organs, chronic radiation 
sickness is characteriz.ed by one degree or another of damage to them. The 
set of secondary changes in the other organs and systems occurs only in the 
most serious cases in connection with insufficiency of the functions of the 
damaged orga:r:i. 

The individual consequences of chronic radiation sickness can be leucoses, 
tumors and hypoplastic anemia. 

3.5. The Biological Action of Radioactive Nuclides That Have Entered the 
Organism and the Dosage of Internal Radiation 

The increased danger of the radionuclides which get into the organism comes 
from several causes. One of them is the capacity of certain nuclides to be 
accumulated selectively in the individual organs of the body called critical 
(for example, about 20 percent of the iodine is deposited in the thyroid 
gland which a.mounts to only 0.03 percent of the mass of the body), and thus 
give up their energy to a relatively small volume of tissue. Another cause 
is an increase in the irradiation time to the time of release of the nuclide 
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from the organ or radioactive decay of the nuclide. The rate of biological 
release (assuming that the release of the radioactive materials from the or
gans takes place by an exponential law) is characterized by the constant b, 
and the effective velocity, by the sum of the constants Aeff =Ab+ Ar, where 
Ar is the radioactive decay constant. Then the effective period of semire
lease of the nuclide from the organism is 

(3.1) 

The third cause is an increase in danger of highly ionizing a- and $-radia
tion which are not active or have little effect on external irradiation in 
view of the low penetrating capacity. 

Th~re are three paths of penetration of radioactive materials into the or
ganism: through the respiratory organs, through the gastrointestinal tract 
and through the skin or damage to the skin. The nuclides initially get into 
the blood via these paths, and then they are carried by the bloodstream 
throughout the entire body or predominantly to the critical organs. In some 
cases, the gastrointestinal tract., its individual sections and also the 
lungs come to act as the critical organ. The first path is the most danger
ous inasmuch as during a work shift a man, as is recommended in the MKRZ 
calculations, inhales 10 cubic meters of air in 8 working hours (on the 
whole 20 cubic meters per day), and he consumes only 2.2 liters of water 
with food [33]. 

In addition, the assimilation and the deposition of nuclides in the organism 
which get in through the respiratory organs, as a rule, are higher than from 
swallowing. The assimilation through undamaged skin is 200-300 times less 
than through the gastrointestinal tract, and it has no great significance by 
comparison with the first two paths. Tritium oxide alone and also uranyl 
nitrate and iodine isotopes easily penetrate through the skin and are ab
sorbed in the blood. The radiobiological properties of certain of the nu
elides entering the organism of man are presented in Table 3,3 [33]. 

Table 3.3 contains the values of the effective energy Eeff absorbed in the 
critical organ of the body of a grown man in one act of decomposition of the 
radioactive nuclide considering the biological effectiveness of the radia
tion Eeff = ~EK. As is obvious from the table, the proportion of the nu
clide getting into the critical organ is measured within broad limits (from 
hundredths of a percentage to 100 percent). This takes place as a result of 
the differences in the nature of the nuclide. It depends on the chemical 
form (soluble or insoluble compounds) of the nuclide, and for the pulmonary 
tract also on the dimensions (disperseness) of the aerosol particles. The 
large particles (larger than 1 micron) are effectively (to 75 percent) held 
up by the upper respiratory tracts. The fine ones reach the alveoli of the 
lungs. In the general case, according to the recommendations of the MKRZ 
[33], the following distribution of the inhaled material is assumed: 25 
percent exhaled; 50 percent deposited in the upper respiratory tracts; 25 
percent deposited in the lungs. However, 25 percent of the particles depos
ited in the lungs enter the blood if they are soluble. 
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Table 3.3. Radiobiological Properties of Some Radionuclides Entering the Organism of Man [33] 
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Table 3.3 (continued) 
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Key to Table 3.3: 

1. Nuclide 
2. Mass of the critical organ, its effective radius 
3. Half-lives, days 
4. Effective energy Eeff, MeV/decay 
5. Proportion of the nuclide getting into the investigated organ 
6. On swallowing 
7. On inhaling 
8. Of the total amount in the organism 
9. Entire body ... g, ... cm 

10. The same 
11. Fatty tissue 
12. Bones 
13. Liver 
14. Brain 
15. Skin 
16. Spleen 
17. Muscle tissue 
18. Entire body in a gas cloud 
19. Kidneys 
20. Thyroid gland 
21. Lungs 

The biological half-lives of the nuclides from the critical organs and tis
sues differ from tens of days (H 3, c 14 , Na24 ) to (in practice) infinity 
(complete assimilation: sr90, Pu239). 

With respect to the nat~e of distribution of the nuclides in the organism 
three groups are entirely obvious: concentrated in the bones (ca45 , Sr90 , 
Pu239 , and so on), in the liver (La210 , Ce144 , and so on), in the entire 
body (H 3, c 14 , Cs 137 , and so on). 

The radiobiological characteristics of the nuclides presented in Table 3.3 
are used to calculate the dosage in the critical organ and the admissible 
chronic. intake into the organism on the average for each year considering 
that the professional operating period with radioactive materials is provi
sionally 50 years, and the mean life span of man is 70 years. During this 
time the people from the population can be irradiated as a result of the 
contamination of the external environment. 

The dosage power in the critical organ is defined by the expression 

P = qf 2Eeff[ ( 3. 7 • 104 • 1. 6 • 10-6) /lOOm] rem/ sec, (3.2) 

where q is the equilibrium (that is, invariant in time) activity of the nu
clide in the entire body, microcuries; f 2 is the proportion of the nuclide 
in the critical organ with respect to the total content in the entire body; 
qf2 is the equilibrium content of the radionuclide in the organ, microcuries; 
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1.6 • 10-6 is expressed in ergs/MeV; 100 in erg/g per 1 rad; mis the mass 
of the critical organ or1tissue, g; Eeff = [EKn is the effective energy, 
MeV/decay, transferred to the organ of the body in each act of decay of the 
radioactive nuclide considering the biological effectiveness of the radia
tion; K is the radiation,quality coefficient assumed equal to 1 for $-radia
tion, X-radiation and y-radiation and also for the internal conversion elec
trons (it is equal to 1.7 if Esmax ~ 0.03 MeV, 20 for the a particles and re
coil nuclei); n is the c~efficient of nonuniformity of the distribution which 
is assumed to be equal t6 1 for X-radiation and y-radiation and 5 for a, $ 
particles and the recoil nuclei of the nuclides deposited in the bones with 
the exception of Ra226 and p 32 .• This coefficient is assumed equal to 1 for 
all of the organs except;the skeleton. 

For the $-radiation 

E = 0,33Emaxf(l - [zl/ 2/50])(1 + [E¼~/4]) MeV, (3.3) 

where Emax is the maximuili energy of the$ spectrum, MeV; f is the proportion 
of decays of the investi~ated type; Z is the atomic number of the nuclide. 

For they-radiation 

(3.4) E = Ernaxf[l - exp(-µkx)] IMeV, 

where Emax is the energy,of the quanta released on decay of the nuclide; µk 
is the linear transmissi1n coefficient, cm- 1 ; xis the effective radius of 
the organ containingthelnuclide. 

For the a-radiation and the recoil nuclei with an energy of Emax 

I E = Emaxf MeV. (3.5) 

By the formulas (3.2)-(3i5) it is possible to calculate the admissible nu
clide content in the body or the critical organ, assuming an admissible an
nual or quarterly dosage!for the entire body or individual organs. These 
formulas can be used to calculate the annual admissible intakes into the or
ganism (PDP) and the admissible concentrations (DK) of the nuclides in the 
air and water in the cas~ of continuous chronic intake (see the appendix to 
NRB-76 [2]). In this case the equilibrium is established between the intake 
of nuclides into the org~nism and their radioactive decay and release. Then 
under the assumption of an exponential law of biological release from the 
critical organs (the reltase from the gastrointestinal tract is subjected to 
another law) the relatio9 between the rate of intake of the nuclides into 
the organism F (microcuries/day) and their accumulation in the organism or 
the organ is determined by the simple expression 

qf2 = F[l - exp(-Aefft)]/Aeff = l.45FTeff[l - exp(-0.69t/Teff)], (3.6) 

where q is the activity of the nuclide contained in the entire body, f 2 is 
the proportion of the nuclide deposited in the organ by comparison with the 
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content in the body; F = Fw = (DK)wVwfw (for intake with water); F =Fa= 
(DK)aVafa (for intake with air); Teff = T1; 2Tb/(Tb + T1; 2 ); tis the profes
sional irradiation time assumed equal to 50 years or the irradiation time of 
the people from the populat~on who live adjacent to nuclear. plants which pol
lute the environment with radionuclides assumed equal to 70 years; fa is the 
proportion of the nuclide deposited in the critical organ relative to the to
tal intake into the organism during inspiration; fw is the proportion of the 
nuclide deposited in the critical organ relative to the total intake when 
taking water; Vw and Va are the a.mounts of water and air consumed by man 
during a working shift (for the occupational conditions) or for the day (for 
the population see Chapter 5); (DK)w is the admissible concentration in the 
water, microcuries/cm3; (DK)a is the admissible concentration in the air, 
microcuries/cm3. 

Table 3.4. Some Nuclides Not Reaching Equilibrium in the Organism in 50 
Years [33] 

Nuclide T1/2, years Tb, years 
Equilibrium 

Teff, years in 50 Years 2 

sr90 28 50 18 86 
Ra226 1,622 45 44 56 Th230 8.0 • 104 200 200 16 Np237 2.2 • 106 200 200 16 Pu239 2.4 • 104 200 200 16 Am241 462 200 140 22 

% 

For the majority of nuclides Teff is small and t » Terr; therefore the 
equilibrium comes quickly, and the factor [l - exp(-Aefrt)] is converted to 
one. During the period oft= 50-70 years equilibrium fails to occur only 
for 20 nuclides, and there is a constant increase in the nuclide content in 
the critical organ (in the case of chronic continuous intake into the organ
ism). In Table 3.4 we have some of these nuclides. For them during the 
initial period the accumulation qf2 = Ft. 

·•·' 

The value of DK and PDP of the nuclides are presented in the appendi~ to [2]. 

Beginning with the above-discussed method of calculating the DK and the PDP, 
it is necessary to make careful use of the value of DK for the cases not 
foreseen by the calculation such as the short-term intake of nuclides in 
large quantities (acute poisoning), emergency contamination of the environ- I 
ment, the application of (DK)w in the water for food products, and so on. 

It must be remembered that the DK was calculated beginning with continuous 
irradiation for 50 years with a constant level of contamination with the air 
and water radionuclides and in this case not exceeding the admissible dosage 
level in the critical organs during this entire period. The content at the 
end of the period was taken by the nuclides indicated in Table 3.4, that is, 
for them the DK during the initial period has a great reserve. In addition, 
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the nuclide distribution in the body in the case of short-term intake can 
differ from that which occurs in the case of chronic intake. For example, 
in the bones many of the nuclides decompose only in a small fraction with 
respect to their content in the stomach. Therefore the one-time significant 
intake of such nuclides can be more dangerous for the gastrointestinal tract 
which becomes the critical organ and not for the bones. 

'For short-term intake of the nuclides into the organism when calculating the 
dosage in the critical organ it is necessary to use special formulas. It is 
proposed that the initial period of accumulation of the nuclide in the in
vestigated organ in the case of short-term intake into the organism has no 
effect on the dosage in the organ, and the release from the organ is de
scribed only by one exponent qf2 = qof2 exp(-0.69t/Teff), Then it is possi
ble to use the following formula to calculate the dosage for the time t: 

t 
D = f ([q0f 2 exp(-0.69t/Teff) 3.7 • 104 • 1.6 • 10-6 Eeff]/l0Om) dt = 

0 

(q0f 2/m) • 8.54 • 10-4 EeffTeff[l - exp(-0.69t/Teff)] rem. 
(3,7) 

Expression (3,7) was obtained by integrating _expression (3.2) in which the 
variation in time of the initial concentration c0 exp(-Aefft) was substi
tuted instead of qf2 , where (q 0f 2)/m = c0 is the initial concentration of 
the radionuclide in the organ, microcuries/g (tis measured in seconds). 

If t » Teff, expression (3,7) is simplified: 

(3.8) 

When t << '.Peff, 

(3,9) 

If the.nuclide entering the organism is accumulated slowly in the investi
gated organ, formulas (3.7)-(3.9) are invalid, for they do not take into 
account the initial accumulation period (for example, for transition of th~ 
nuclide from the lungs to the blood and then to any organ or when T1/2 << Tb), 
This can be corrected by introducing the accumulation constant AH or the 
semiaccumulation period TH into the expression for the variation of the ini
tial concentration c0 and the equation can be obtained for calculating the 
average nuclide concentration in the organ [7, 19]: 

I 

C = Co[exp(-0.69t/Teff) - exp(-0.69t/TH)], (3.10) 

where Co is the maximum average concentration obtained by extrapolation of 
the removal index to the time t = 0; TH= T1; 2TH.b/T1; 2 +TH.bis the effec~ 
tive semiaccumulation period, and TH.bis the biological semiaccumulation 
period; always Teff > TH and Tb> TH.b· 
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The dosage in the tissue or the organ on complete removal of the nuclide can 
be found by the formula 

D = 8.54 • 10-4 Eeff(Teff - TH) Co= 

8.54 • 10-4 EefrTerr(l - TH/Terr). 
(3.11) 

From formula (3.11) it follows that if Teff > 20TH, then it is possible to 
assume the accumulation rate to be instantaneous with an error of about 5 
percent, and instead of (3.11), to use expression (3.8) and, consequently, 
also formulas (3.7) and (3.9). If the intake of the nuclides into the or
ganism continues for a limited time t1 (days), and the equilibrium between 
the intake and the removal has not occurred, the irradiation dosage of the 
organ during the intake time t 1 (days) can be obtained from the expression 
(3.6) [21]: 

tl 
= J [(F[l -. exp(-Aerrt)] Feff • 3-7 • 104 • 1.6 • 10-6 )/l0OmAerrJ dt = 

0 
(3.12) 

where F = QVf is the rate of intake of the nuclide into the organism, micro
curies/days; Q is the nuclide concentration in the consumed water or in the 
air, microcuries/cm3 ; Vis the respiration rate or water intake, cm3/days; 
f is the proportion of the nuclide taken in with the water (fw) or the air 
(fa) into the investigated organ with respect to the total intake into the 
organism; mis the mass of the organ, g. 

The irradiation dosage of the critical organ during the time t2 (days) after 
curtailment of intake is as follows: 

Dt 
2 

to 
= J [(F[l - exp(-Aeffti)] Eeff • 3.7 • 104 • 1.6 · 10-6 )/l0OmAeff] x 

0 

exp(-Aefft) x dt = [74FEeffTeff/mAeff][l - exp(-Aefft1)] x 

[l -exp(-Aefft 2)] rem. 

(3.13) 

The dosage for the entire time (t1 + t2) is: 

(3.14) 
exp(-Aefft 2 )] rem. 

Expression (3.7) for dosage with short-term intake can be obtained from ex
pression (3.14) if we set t 2 = t, and t 1 + 0. Then [1 - exp(-Aefft1)/Aeff] % 
t 1, and Ft 1 = q 0f 2 is the one-time intake into the critical organ in the time 

24 

FOR OFFICIAL USE ONLY 



• 

" 

,/ 

FOR OFFICIAL USE ONLY 

t 1 • In formula (3.7) the time is measured in seconds, and in formula (3.14), 
in days. 

It is important to remember that expressions (3.2), (3.7)-(3.9) and (3.11)
(3.14) are valid under the condition of uniform distribution of the nuclide 
inside the investigated organ or tissue, and the path of the 8 particles is 
small by comparison with their dimensions. 

The absorption of the photon radiation is nonuniform even when the nuclid~ 
is uniformly distributed in the tissue. The absorption of the quanta de
pends on the dimensions and the geometric shape of the organ. Therefore the 
effective radius of the organ xis substituted in equation (3.4), which is 
used for calculation of the absorbed energy of the photon radiation, and the 
correction is introduced into the geometric factor which depends on the shape 
and size of the organ. 

Instead of equation (3.2) it is possible to write [7, 19]: 

(3.15) 

where Py is the average power of the dosage in the organ; C = qf2 /m is the 
average specific mass activity in the organ or tissue, microcuries/g; pis 
the tissue density, g/cm3; g is the mean geometric factor, cm; Z is the con
version factor for the unit of measure of P to rads; Ky is the total y con
stant of the nuclide, P • cm2 /(hr-microcuries). 

In order to calculate the dosage, the individual organs of the body are ap
proximately considered spherical. For uniform distribution of the nuclide 
inside the sphere, the dosage power reaches the greatest value in the center 
of the sphere, and the geometric factor is g = 4TIR, where R is the radius of 
the sphere. The power of the dosage on the surface of .the sphere is half 

· that in the c·enter, and on the average the geometric factor g = 3/4g = 3TIR. 
This expression is valid in the quantum energy range of 0.2-2 MeV for organs 
having an effective radius of the sphere of R < 10 cm, but it is unsuitable, 
for example, for calculating the dosage in the marrow, for the difference 
from a sphere is very large. 

Considering what has been stated, the average absorbed doses of y-radiation 
in the time t (sec) with uniform distribution of the nuclide in the organ 
can be calculated in the formula 

Dy= 4 • 10-7c0TeffgZpKY[l - exp(..:o.69t/Teff)] rads. 

If 
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if 

(3.18) 

Table 3.5. Effective Half-Accumulation Periods TH and Half-Removal Periods 
Teff of the Radioactive Iodine Isotopes in the Thyroid Gland of 
Man and Maximum Content in It of the Iodine Isotopes [34] 

t, % of Iodine 
Isotope Teff, days TH, days Introduced t1, hrs t2, hrs 

1131 
1133 
1135 

8.14 
0.87 
0.28 

6.90 
Q.86 
0.28 

0.28 
0.22 
0.14 

42 
23 
12 

32 
14 

7 

720 
100 

36 

Note: t 1 is the time of intake of the maximum content of the iodine isotope 
into the thyroid gland; t 2 is the time of onset of equilibrium for 
prolonged intake. 

Data are presented in Tables 3.5 and 3.6 on the dynamics of the accumulation 
and the removal of radioactive iodine isotopes for the thyroid gland of a 
man in.the case of one time and prolonged intake into the organism and also 
the dose coefficients of irradiation of the thyroid gland by iodine isotopes 
which are some of the potentially dangerous fission products that get into 
the air of the production facilities and into the external environment dur
ing operation of nuclear reactors and atomic electric power plants, plants 
for processing the spent nuclear fuel and also during peaceful and test ex
plosions of nuclear devices. 

Table 3.6. Dosage Coefficient for Calculating the Irradiation of the Thy
roid Gland by Iodine Isotopes* [7] 

Isotopes 
1131 1133 1135 

Fraction f 2 coming from the blood into the thyroid 
gland** o.4200 0.1800 0.1200 

Eeff, MeV/decay 0.2300 0.5400 0.5200 
Dosage coefficient on intake: 

For an adult:*** 
In the thyroid gland, rads/microcu;ries 5.9000 1.7000 0.5300 
Perorally, rads/microcuries 2.8000 o.6400 0.1400 
Inhalation,**** rad-t/(microcuries-sec) o.4900 0.1100 0.0250 

Nursing baby, rad-t/(picocuries-day) 0.0280 0.0064 0.0013 

* The half-accumulation period TH (see Table 3.5) was considered in the 
calculation, and the equation of the type of (3.10) was used. 
** According to the MKRZ recommendations [33], the coefficient f 2 is taken 
equal to 0.3 for all of the iodine isotopes independently of their half-life 
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Footnotes to Table 3.6 (continued) 

and the stable iodine content in the food, and the model of the removal of 
the iodine is described by an exponential curve of the type of equation 
(3.6). This lowers the danger of the r131 irradiation by 1.5 times, and it 
increases the danger of short-lived r132- 134 iodine isotopes by 2-3 times 
(the MKRZ recommendations were used in the NRB-76 [2]). 
*** In the calculation it was assumed that the mass of the thyroid gland 
of an adult human is 20 g, and in a baby 1 year old it is about 2 g. 
**** When calculating the irradiation dosage of the thyroid gland of a baby, 
this dosage factor must be tripled as a result of the difference in the mass 
of the thyroid glands and the respiration rate of the adult and the baby (20 

i and 6 m3/day, respectively). Then the multiplication factor is 20 g • 6 m3/ 
day/2 g • 20 m3/day = 3. 

From Table 3.6 two conclusions are drawn. 

1. The children up to 1 year old constitute the critical contingent from 
the point of view of danger of iodine isotope irradiation. 

2. The basic factor of the radiation danger during the period of pasturing 
of the cattle is i.odine intake with the milk and not iodine inhalation. 

In the cas~ of one-time (emergency) discharge of iodine into the environ
ment, the pollution of the milk reaches a maximum on the 4th day, and the 
dosage in the thyroid gland of a baby from drinking the milk (1 liter per 
day) can exceed by 400 times the dosage from breathing the air polluted'with 
radioactiv~ iodine [34]. 

· The radioactive nuclides which get into the organism of man cause various 
consequences similar to the consequences from external irradiation for equal 
absorbed doses. 

Depending on the nature of the nuclide and the peculiarities of its locali~a
tion in the organism, radiation damage can occur (hypoplastic anemia, pneumo
sclerosis, hepatitis, osteitis, tumors of different localization, leucoses, 
and so on). 

In order to prevent or partially attenuate the effect of the radionuclides 
getting into the organism, protective measures are taken which prevent depo
sition of the nuclides in the organism and accelerate their renoval [32]. 
These measures are as follows: 

1. Mechanical removal of the nuclide; repeated flushing of the stomach and 
intestines; output of the nuclide adsorbents; abundant feeding; for Na24 , 
Cs 137 and H3 , the isotopic dilution method is used. 

2. Acceleration of the removal by the method of substitution or complex 
formation: for Ra226 , Sr89 , Sr 90 , Ba140 barium sulfate to 50 g/day, calcium 
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gluconate, calcium chloride, and ammonium chloride are· used; for Pu239 and 
rare earth elements, intravenous administration of pentacine is used; for 
r13 1-135 a stable analog is used in the form of tincture of iodine or cal
cium iodide tablets. 
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Chapter 4. Everyday Sources of Human Exposure 

The background irradiation of man is created by cosmic radiation, natural and 
artificial radioactive materials contained in the human body and in the en
vironment. 

4.1. The Dosage of Cosmic Radiation 

The primary cosmic radiation basically consists of protons and also the 
heavier nuclei having extraordinarily high energy (individual particles to 
1019 eV). On interacting with the earth's atmosphere, these particles pene
trate to an altitude of 20 km above sea level and form secondary, high-energy 
emission made up of mesons, neutrons, protons and the softer components-
electrons, y-quanta, and so on. 

The intensity of the cosmic radiation depends on the geographic location of 
the object and inc.reases with altitude above sea level (Table 4.1.). For 
the middle latitudes at sea level the dosage to the soft tissues as a result 
of cosmic radiation (without the neutron component) is 28.1 mrads per year; 
the neutron component creates an additional dosage of 1.6-4.6 mrem per year 
[l] (the quality coefficient of the neutron irradiation in Table 4.1 is as
sumed to be 6). 

Table 4.1. Average Annual Tissue Dose of Cosmic Radiation Depending on Al-
titude and Latitude of the Place, mrem [l] 

Altitude, mm Equator 30° 50° Altitude, mm Equator 30° 50° 

0 35 40 50 5 400 580 800 
1 60 70 90 10 1,400 ?,300 4, 5.00 
2 100 130 170 15 3,000 5,000 11,000 
3 170 220 300 20 3,500 6,000 14,000 
4 260 360 500 

-4.2. The Dosage From Natural Sources 

The background irradiation of man is created by a number of natural radioac
tive nuclides widespread in nature (Table 4.2), from which the greatest con
tribution on intake into the organism is made by K40 , c14 , Rb87 , Po210 , Rn222 , 
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Tn2 20 and also Ra226 , Ra228 and the products of their decay. The other na
tural radionuclides (tritium, uranium, and so on) also cause internal irra
diation, but their contribution to the dosage is very small (Table 4.3). 

Table 4.2. Characteristics of Some Natural Radionuclides 

(·8) 
(11) 
(13) 
(14) 
(15) 
(17) 

(22) 
(24) 
(25) 

(.27) 

(28) 

(29) 

( l ) HYKJlll/1 

C11Meon Ha3ea1111e 
( :::>) ( 1) . 

'I-I . Tp11rnn. 
uc YrJ1e-

JlOJJ.-14 
"K. KaJIHii-40 
"Rb Py611-

J.llii-87 
,uRa Pa• 

Jl,llii~22G 
u2R11 Pai.on-222 

11 'Po Pa11Hil A 
. Pa,1111ii B 214f?aB 

ll4BJ PaJ1,11ii C 
at•Po PaJ1,111i C' 
IIOPIJ PaJJ.nii D 

11031 Pa}l11ii E 
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•~~Ra Me:ioro-
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12•Th 
~Iii II 

31.H0• 
rop11ii 

•uRa Top11n X 

120111 TopoH 
l18Pl• Top11il A 
IUPb Topni\ B 

• 12s1 Topnn C 

'"Po Topnll C' 
1"Th Top11r1 C11 

•nu Yp1111-238 

"' .. 
:,, ., 
er 

i 
i 
l4i 
p 
p 

p, y 
p 

"· y (16) 
11, Y 

11 

p, y 
~. y 

11 ~- y 

~ 
11, y 
~23 • y 
~' "( 

~ 

ti, y 

11, y 

GI, "( 

.GI 

p, y 

t\ 
p 
GI 

p, '( 

111, y 

(30 

C.011ep11<3IIHC D rHJl("O-
MaKc11Mallb11a11 crt,epe (r), G11oc,jl~pc (6); 

B03/IYlle (D) H 911cprn>1 
nn•,oe (n) qacTUI\, l>bB 

(5) (6) 
J9) G-24 nK11 JI (r) 0,0186 

6, 13. nK11/r (6f 1~ ) 0, !GS 

240-320 nKH/n (r) 1,32 
17 nl(H/ JI (r) 0,274 

0,03-3 nKH/n (r) 4,78 (!H.3¾)*; 
0, 1-1,3 nKu/r t) 4, GO{;,, 7o/o) 
0, 1-0,3 nKut a) 5,49{U!J¾); 

1 ) 4,89(0,08¼) 
G,00 . 
I, 03 
3, 18 
7,li8 

0,017(H.'jo/o); 
0,063 { 15°/o) 

l ,IG 
0, 1-0,01 nKH/n (r) 5,30 -0,5-31>KH/M1 ·(al 
0,3-1,6 nKH/r (n 3,98 

0,02 

o,~5-2, 18 

5,42(71°/o); - 5, 3·1 (281/o) 
0,05 .n'K.JJ./11 .(a) 5,G8(D5¾); 

5,4·1 (5¼) 
6,28 

- 6,78 . 
0,34 l8G¼); 

,.. 0,58 123/o) 
. 6,0() 

6,25 
8,78 

1 I 8 ( 47o/,); 
1,0-2,38 

2.10- 1- 4, 17 
4000 MKr / n (r) 

10-400 nrlM 1 (B) 
0,0-1-1 ,4 nKu/r (n) 

-

nepll0/1 RO.II)• 
pacnaa.a 

(7) 

12,2G JleT( 10,) 
57G0 J1eT 

1,3-10' J1eT 
4,8-1010 neT 

1620 JteT 

3,823 cyr 

3,05 MIIHt 
2G,8 Milli 

(19) 

20) 

19, 7 MIIH ( 
1,6· IQ-• C 21) 

20 JleT 

5,0 cyT 
138,4 cyr 

1,39-lo I0 neT 
6,7 JteT 

6, 13 q ( 26) 

1,91 ner 

3,64 cyr 

55 C 

0, 16 C 
10,64 If 

60,5 MHH 

3, lO-T C 
3, l MHH 

4,5.J0• neT 

* The proportion of the decay of particles of this energy is indicated in 
parentheses. 

Key: 1. Nuclide 
2. Symbol 
3. Name 

[Key continued on following page] 
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Key to Table 4.2 (continued) 

4. Type of radiation 
5, Content in the hydrosphere (h), biosphere (b), air (a) and soil (s) 
6. Maximum particle energy, MeV 
7, Half-life 
8. Tritium 
9, ... picocuries/liter (h) 

10. . .. years 
11. Carbon-14 
12 .... picocuries/g (b) 
13. Potassium-40 
14. Rubidium-87 
15, Radium ... 
16 .... picocuries/g (s) 
17, Radon-222 
18. picocuries/liter (a) 
19. days 
20. minutes 
21. seconds 
22. Polonium 
23. . . . fcuries/m3 (a) 
24. Thorium ... 
25. Mesothorium ... 
26. . .. hours 
27. Radiothorium 
28. Thoron 
29. Uranium ... 
30 .... micrograms/liter (h); ... pg/m3 (a); ... picocuries/g (s) 

Key to Table 4.3: [Table on following page] 

1. Radionuclide 
2. Soft tissue 
3. Entire body and gonads 
4. Bone tissue 
5, Haversian canal 
6. Marrow 
7, Lungs 
8. Dissolved in the blood 
9, Inhaled 

10. Total internal irradiation 
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Table 4.3. Average Annual Tissue Dose of Internal Irradiation From Some Na
tural Radionuclides Contained in the Organism of Man, mrads [7) 

:a 
~ 

IQ 

's Bee reno H 0 
PUHOHYll.~HA MRrlme Tl<allll ro11a.11,1 = .0 e-! :c Jler111te 

(1) (2) (3) 
g~ ID:c gg· 

(7) :,;~ i:!f2 :,; :. 

H (0,6-2,5)X (0,6-2,5)X 
(4) (5)(6) 
- - 10- 1 -

uc x10-• x10-• 
4,25' 1,02 0,81 0,7 -OJ<: 19 19 6 6 15 -7Rb - 0,3 0,6 - 0,7 -,opb· 0,6 O,G 1,6 - 0,3 -20Tn, paCTOOP,Cs" - 0,003 0,05 - 0,05 -111,lii B KpOBJI (_ ) 

20Tn DO 8.ll,lr3CMOM - - - - - 52-
BOJJlyxc 9) 640*1 22 /?n! pacreopeH- - 0,07 0,08 - 0,08 -ll!,111 B KpODII 

22H n BO 8Jtb1X3e• - - - - - 73-

• 
MOM BOJ)lyxe 930 .. 

''Ra 0,02 0;02 1,6 1,0 0, 1 -12'Ra 0,03 0,03 0,8 - 0,06 -IIALJ 0,03 0,03 0,8 - 0,06 -CyMMapuoc BllyT• 23,4 20,6 19,6 - 16,6 125-
p1'1111CC 06.1y•tC• 1570 
IIIIC (10) . 

* Dose in fatty tissue. 
** 'rhe f:!.uctuatioi:is in t}:le. annual dosage 1?-re explaine9- by differE;nces. in the atmospheric and soil conditions, the materials from which the residential houses are built and the fuel used~ the surrounding rocks, the respiration rate and the mass of the irradiatea lung tissue. 

Table 4.4. Average Annual Individual Calculated Dosage of Internal Irradia
tion From Natural Radionuclides in the tJnited States, mrem [35) 

Radionuclide* 

H3 
C 1 t+ 
K40 

Rb87 
p0 210 

Rn222*** 
Ra226 
Ra228 

Total 

Entire Body** 

0.004 
1.000 

17.000 
0.600 
3.000 
3.000 

25.000 

Bone Tissue Marrow 

0.004 0.004 
1.600 1.600 
8.000 15.000 
o.4oo 0.600 

21.000 3.000 
3.000 3.000 
6.100 0.300 
7.000 0.300 

47.000 24.ooo 

* The other natural radionuclides also cause internal irradiation, but 
their contribution is very small and has no effect on the general indices 
within the limits of error of the estimate. As an example of the insignifi
cant contribution of these nuclides, the H3 irradiation doses are indicated 
in the table. 
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Footnotes to Table 4.4 (continued) 

** The irradiation dosage over the entire body is defined as the average 
irradiation dosage of the entire organism, including the irradiation of the 
gonads. ;.11!'1' 

*** The calculated irradiation dosage of the lungs as a result of inhaling 
Rn222 is 100-900 mrem. 

Table 4.5. Average Annual Tissue Dose of.External Irradiation of Various 
Human Tissues From Natural Radiation Sources (in the normal 
areas) at Sea Level for Middle Latitudes, mrem [7] 

Source 

Cosmic radiation (without neutron 
component) 

Neutron component of cosmic radiation 
Radiation of radionuclides contained in 
rock, soil and atmospheric air 

Total average dose 

Entire Body, 

28.00 
0.35 

44.oo 

72.35 

Gonads Marrow 

28.00 
0.35 

44.oo 

72.35 

Table 4.6. Average Annual Irradiation Dosage of the Gonads and Marrow From 
Natural External Sources in Norm.al Areas and in Areas With In
creased Content of Natural Radioactive Materials in the Rock and 
Soil [1) 

Observation Point 

Normal areas 
Granite, shale and sandy areas in 
France 

Monacitic.area ;in the states of 
Kerala and Madras (India) 

Mineralizeq volcanic intrusions in 
Brazil 

Niue Island (Pacific Ocean) 

Population, 
millions of 
people 

2,500 

7 

0.0800 

0.0500 
0.0045 

Range of 
Variation 
of Dosage, Dosage, 
mrem/yr mrem 

75- 150 100 

170- 273 220 
' 

135-1,833 853 

To 683 368 
To 935 

The calculated doses of internal radiation from the natural radionuclides in 
the United States are presented in Table 4.4. Tritium and carbon are com
paratively uniformly distributed throughout the territory of the United 
States; therefore the influx of them into the organism with food and water 
depends little on the geographic arrangement. This also pertains to a sig
nificant degree to potassium, radium and polonium. The practice existing in 
the United States of ubiquitous production of food products, the large-scale 
hauling of these products and significant mobility of the population on the 
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scale of the country cause averaging of the intake of radionuclides. Radon 
constitutes an exception. Its concentration in the air varies strongly de
pending on the atmospheric and soil conditions, the structural design, ven
tilation and material of the residential buildings. 

Table 4.7. Average Annual Cumulative Irradiation Dosage of the Entire Body 
From Natural Sources Calculated for Conditions in the United 
States [ 35] 

Source Dose, mrem 

Cosmic radiation 
Radiation of the radionuclides contained in the earth's 
crust, water and atmosphere: 

External irradiation 
Internal irradiation 

Total 

45 

60 
~ 

130 

The radionuclides contained in the soil and the rock, the walls of buildings 
and residences and also thoron, radon and their daughter products in the air 
create external y-irradiation of man. The external irradiation dosage also 
varies within known limits as a function of the natural conditions (Tables 
4. 5-4. 8). · 

4.3. The Dosage From Man-Made Sources in the Environment 

The sources of artificial radioa~tivity in the environment are primarily ra
dioactive fallout from nuclear explosions, the waste ~rom nuclear power 
plants and plants for processing nuclear fuel, the discharge by the thermal 

. electric power plants of ash containing natural radioactive thorium and ra
dium, radionuclides contained in the permanent phosphors, the radiation from 
television sets (especially color television), increase in cosmic radiation r . 
dosage during flight time in aircraft and at high altitudes, and so on. 

As a result of testing the high-power nuclear weapons before 1963 in the 
United States and the USSR, radioactive products entered the stratosphere 
(11-40 km) and settled out over the ~ntire earth. During the period from 
1963 to 1967, the pollution of the· terrestrial atmosphere with long-lived 
Sr 90 and Cs 13 7 fission products dropped sharply (about 10 times). However, 
after 1967, this decrease halted as a result of testing nuclear weapons in 
the atmosphere by France and China [38]. 

The basic source of the prolonged external y-irradiation from radioactive 
fallout is Cs 137 , and the short-lived fission products (Zr 95 , and so on) 
make a contribution over the first few years (Table 4.9). In addition, the 
internal irradiation by the nuclides from radioactive fallout getting into 
the organism by inhalation or peroral means is presented in this table. The 
table was compiled according to the data of the Scientific Committee of the 
United Nations on the Effects of Atomic Radiation (NKDAR) [38]. 
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Table 4.8. Average Annual Dose of External Background Irradiation of the 
Population in Certain Cities of the USSR in 1964-1965 [ 36] and 
Dosage Power (without cosmic radiation) [37] 

Mouv1( 
2

)001,1, MKP/•1 
JJ.(51" ropu 

a s1ta111111 I Ha rpyHTe 11m1111,mnb• 1 uaKCII· I - HaR 11a:1~11aR epe}tllRR (1) 
( 3) • ( 4) (6) (7) (8) 

A.wa-J\ra (9) - - 120±28 200±44 160±10 
Acrpaxallb (io) - - 50±14 110±26 80±6 
J\u1xa6a..'l (11) - - 70±18 120±28 105±7 
5aKy (12) - - . 70±18 90±22 , 75±2 
811,lbJIIOC (13) 7,5±1 5,2±0,5 90±22 140±32 100±6 
Bopo11eil{ (14) 8,2±1,3 5,6±2,4 - - -· B,1a11.11aocroK ( 15) - - 60±16 80±20 75±2 
81~60pr (16) 23,5±2, I 16,0±1,2 - - -llyu1a116e ~17) - - · 100±2·1 170-J:40 130±6 
Epcaa11 18) - - 60±16 90±22 75±5 
HpKyTCK (19) - - 70± IS 140±32 110±7 
Kuen 

i~~~ - - 80±20 120±28 95±4 
K11uJ11uea - - 50±14 70=f::18 60±2 
JkmrnrpaJl 22) 12,8±1,5 8,1±2,2 80±20 140±32 120±8 
J11,oc,a (23) - - 80±'20 120±28 100±4 
MllJICK (24) - - 70±18 140:f::32 100±7. 
MoCKoa _ (2'..2) 11,0±0,!l 9,5 70±18 I 10±26 !)0±5 
/l\yp~1a11cK (26) - - !J0±22 150±34 111±10 
I l~t•oCJJ6ilpCK ( 27) - - 60±16 90±22 80±3 
Ope116ypr ( 28 ) 60±16 110±26 80±4 nil rnropCK ( 29) 16,3±2, I 10,0±0,9 - - -
CTerponaa.10eCK· 

&,<. 

60±16 130:f:30 90±8 - . -
KaM 11aTCKHli ( }o 

Pm-a (31 8,0±1,4 3,0±1,0 70±13 140±32 110±11 
Ceoacrononb ( 32) 3,3±1,3 3,4 30±10 60±1_6 45±3 
(0411 _( 33) - - 50±14 110±26 70±7 
Tai.J1Ke11T (34) - -· 80±20 160±36 120±7 
Ta.,.11111 ~ig~ 4,6±2,1 3,2±2 60±16 120±28 90±5 
T611,1ac11 - - 80±20 100±24 90±2 
Xa6apooCK (37) - - 50±14 120±28 75±8 
lJ Illa (38) -· - 70±18 120+28 110±6 
n~j'TtK ,39) - - 50±14 100±24 70±6 

Note: The average dosage throughout the USSR is about 90 mrads .. 

Key: l. City 8. Average 2. Dosa0e power, microcuries/hr 9. Alma-Ata -, In the buildin,c:; 10. Astrakhan' 
_). 

!1. On the iround 11. Ashkhabad 5. Dosage, mrad 12. Baku 6. Minimum 13. Vil'nyus 7. Maximum 14. Voronezh 
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Key to Table 4.8 (continued) 

15. Vladivostok 24. Minsk 32. Sevastopol' 
16. Vyborg 25. Moscow 33. Sochi 
17. Dushanbe 26. Murmansk 34. Tashkent 
18. Yerevan 27. Novosibirsk 35. Tallin 
19. Irkutsk 28. 0renburg 36. Tbilisi 
20. Kiev 29. Pyatigorsk 37. Khabarovsk 
21. Kishinev 30. Petropavlovsk- 38. Chita 
22. Leningrad Kamchatka 39. Yakutsk 
23. L'vov 31. Riga 

Table 4.9. Total Irradiation Dosage From All of the Nuclear Weapons Tests 

Key: 1. 
2. 
3. 
4. 
5. 
6. 
1. 
8. 
9, 

10. 
11. 

Before 1971 * [7, 38), mrads per man 

Cpt 111111e 1111•por1.1 
I lac~.ar1111e ncero ( 2ryt'p110; o 110.1y111a-

p11q 
cl~llflJIC 11111pon,1 IO>K· 

( 1 oro no1i111ap1m ( 1 t-•M110;·0 '"?Pa 

(8) 
( 9) 

(10 

I 

llcroq1111K 

(1) 

BHl'UIHP.(! 
96A!f'll!HIIC: 

KOporno;,i.;11oy-

llllUi? p3AHO· 
ll\'K.111;'.1.LI 

lll(s 

) BH!11npC1,Hee 
06.1/,"lf?HU(!; 

111 
11c•2 
5Sf-'C 

eosr 
IIT(S 

aupuu 

. :a = t a. 
t 8 ~-
~:.: ;, 

~ 
... e-

~§u !1 -a ~~~ 
'- :.:: ,;.: 

(3) (4) 

65 65 

5!) 59 

4 4 
12 15 

I 1 
- 85 
26 26 
- 0,2 

I.. .:. :a I.. .., 
;:: /. 0, "' 0 
~ 8 i:: 0 ): :i: 

C: m :ii::;', 
C: :a :a =·g ~ :a :a 

i: ;J j: :! u F, ·"( .. 
8 6 ~~~ 8 :i: 

0 :.:: '- ~r;x.,. :.:: '-

5) 
I 

65 19 19 19 44 

59 l(j 16 16 40 

4 1 1 I 4 
12 12 15 12 12 

0,G 0,3 0,3 0,2 0,7 
62 - 23 17 -
2r, 7 7 7 18 
- - 0,05 - -

,11 ) Bcero. liOI 2Go I 230 I 55 I 81 I 12 I 120 I 
Source 
Middle latitudes of the northern hemisphere 
Gonads 
Cells exhibiting osseous structures 
Marrow· 
Middle latitudes of the southern hemisphere 
Population of the entire earth 
External irradiation 
Short-lived radionuclides 
Internal irradiation 
Total 

• :a 
j: . 0, I.. 

8 !,/ 8 , .. ~:.: t :i: 
,:: ... e- :a 

Bu j: 
.. 2 .. 8 :2 l!! ~ :.:: 

44 44 

40 40 

4 4 
15 12 
0,7 0,4 
57 42 
18 18 
0, I -
180 I 160 

f 
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Footnotes to Table 4,9: 

* The presented data characterize the total dosage which the population 
will receive on the average in these areas over the entire period from the 
beginning of fallout of the radioactive materials to the time of decay of 
the last atom of artificial radionuclide formed during the nuclear blasts 
before 1971, The dosage from Kr 8 5 for all of t'he areas and organs is con
stant: 2 • 10-4 mrads. 
** Total dosage from c14 calculated for the year 2000. *** Total dosage on the cells exhibiting osseous structures, for residents 
of the middle latitudes of the northern hemisphere, was assumed equal to the 
total absorbed doses in the bones in a 50-year period. 

According to the calculations of the same committee of the United Nations, 
the weighted mean absorbed dosage of internal and external irradiation cal
culated with respect to the entire population from the nuclear blasts of 
1955 to 1971, by the year 2000 it will be 200 mrads per person, that is, it 
will correspond to approximately two average daily doses of natural irradi
ation under the condition that the tests do not continue. However, the true 
irradiation doses can differ significantly from. the average values depending 
on the Cs 137 and Sr 90 content in the organism in view of the peculiarities 
of human eating and also the age of the human. The calculated mean annual 
irradiation data for the population of the United States are presented in 
Table 4.10 as a function of the radioactive fallout (with the exception of 
the irradiation doses from H3 ). 

Table 4.10. Generalized Data on the Mean Annual Irradiation Dosage Over the 
Entire Body From Radioactive Fallout in the United States 

Total Dosage 
Population, mil- Dosage Per for Population, 

Year lions of people Man, mrem 106 rem per man 

1963 190 13.0 2.40 
1965 194 6.9 1.30 
1969 204 4.o 0.82 
1980 237 4.4 1.10 
1990 277 4.6 1.30 
2000 321 4.9 1.60 

The nuclear power plants with water-cooled reactors operating successfully 
in a number of countries are sources of insignificant pollution of the en
vironment near the nuclear power plant (Table 4.11) which depends on the 
type and structural design of the power plant. In addition, the nuclear 
power plants can become the cause of global pollution with such long-lived 
nuclides as H3 c14 Kr85 I 129 and so on. , , , ' 
As an example, in Table 4.11 we have the planned mean annual discharges to 
the atmosphere of nuclear power plants with the USSR series VVER-440 water
cooled, water-moderated power reactor with an electric power of 440 megawatts. 
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The discharges of the nuclear power plants with the VVER-440 are designed 
for the maximum content of fission products in the heat exchange water (0.1 
curie/liter), which can get into the coolant from the unsealed fuel elements 
of the reactor core and with the designed leakage rate of the coolant. The 
planned values of the doses of external and internal irradiation of members 
of the population if they lived in the vicinity of the maximum terrestrial 
concentration, that is, at a distance of about 2-3 km (20 heights of the 
smokestack of a nuclear power plant) were estimated and presented in the 
same table. The nuclides with specific activity in water of less than 10-5 
curies/liter and T1;2 less than 1 minute were not· taken into account in the 
calculation. 

The actual irradiation doses are appreciably less than the designed doses, 
for at the nuclear power plants the regime is normally maintained for which 
the specific activity of the coolant in water is more than 10-20 times below 
the maximum value, and the random leaks of the coolant are less than assumed 
in the design [34a]. As is obvious from the data in Table 4.11, the maximum 
dosage of external irradiation from the nuclear power plants with water cool
ant does not exceed 1-2 percent of the dosage of the natural background. 

Table 4.11. Calculated Discharges Into the Atmosphere, Mean Annual Dosage 
of External and Internal Irradiation of the Members of the Pop
ulation in the Vicinity of Nuclear Power Plants With VVER-440 
Water-Cooled, Water-Moderated Power Reactors f34a] 

,Uo3a o.1rm11cro o(hy•1ruirn, 

Pamro- npO<'l<Tllb1'1 { 3} M63p 

ll)'M.111,A B106p<'C, 
Kn/cyT <jia1<m•1e-

( l ) ('2) 
npx1m1an S) c~an ( 4') 

umKr 1,0 3,6· 10- 1 9,0• 10-• 
"Kr 2,6 6,1.10- 1 1,6.Jo-• 
1 ~Kr 10,0 3,2· 10"' 1 8,0. 10-• 
aH O,U - -111xe 4GO,O 3, 1, 10- 1 7 ;8, 10-• 

10Xe 60,0 3,8-10- 1 9,5, I0-• 
IIH 0,007 1,0· 10-• -1111 0,018 4,0· 10-• -
1111 0,012 1,0· 10- 1 -
Bcero ( 7 "-535 ,0 I "-1,0· I "-3.10-• 

Key: 1. Radionuclide 
2. Design discharge, curies/day 
3. External irradiation dosage, mrem 
4. Design 
5, Actual 
6. Intern.al irradiation dosage, mrem 
7. Total 
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J).oJa BIIYTpCIIHt'ro 00.,1) 'fe• 

(ti) UHH, 11631) 

4la11nr1e• Pp<ll!l<Tllllll CKan 

- -- -- -8,9, 10-• 4,0.10-• · - -- -
23,0 6,0, 10- 1 

2,2 5 5.10-• 
0,2 s:s.10-• 

I 25,4 6,6, 10- 1 
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Notes: 1. The design dosage pertains to the discharges into the atmosphere 
when operated at rated power with maximum content of fission products 
in the coolant (to 0.1 curie/liter) and admissible random leak.age of 
the coolant (to 200 liters/hr). 

2. The actual dosage was obtained with random leak.age of 5 liters/hr 
and a specific activity of the coolant less than 0.01 curie/liter, 
that is, less than 0.1 of the admissible number of fuel elements with 
damaged jackets. 

3. The design dosage of the internal irradiation of the thyroid 
gland of man by iodine isotopes was calculated when consuming milk 
only from the zone of effect of the discharges during one half of the 
year (during the period of pasturing the cows). 

4. The actual gas discharges into the atmosphere are within the lim
its of. 3-30 curies/day, and the iodine isotopes, less than 10-4 

curies/day. 

Somewhat higher levels of pollution of the external environment and irradia
tion doses can be expected in the vicinity of the plants for processing nu
clear fuel, but these plants can be significantly more removed from the popu
lated areas than the nuclear power plants, for they do not generate electric 
power whic}1 must be transmitted over long distances (Table 4.12). 

Table 4.12. Calculated Annual Irradiation Dosage at a Distance of 3 km From 
the Plant for Processing Nuclear Fuel With an Output Capacity 
of 300 Tons/Year [35] 

Form of Irradiation 
and Radionuclides 

External y-irradiation from 
passage of a gas flare: 

Kras 
xel33 

All other radionuclides 
External y-irradiation from 
radionuclides falling out 

.· on the earth's surface: 
Kr85 
xel33 

All other radionuclides 

Cumulative Annual 
Dosage, mrem 

Fuel for 
Fuel for 
Fast-Neutron 

Water- Breeder-Re-
Moderated actors (only 

Critical Organ* Reactors plutonium) 

Entire body 
Entire body 
Entire body 

Entire body 
Entire body 
Entire body 
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1.200 

0.090 

'v0.040 

1.1000 
9.1000 

<l0- 3 

0.0800 
0.6000 

'v0.0200 



Table 4.12 (continued) 

Form of Irradiation 
and Radionuclides 

Inhalation of radionuclides 
and irradiation of the skin 
on passage of a gas flare: 

H3 

Kr85 

xel33 

cel44 

. I 131 
Il29 
sr9o 
Pu239 

Other radionuclides: 
Am241; cm242; cm244 

All others 
Peroral intake of radionu
clides into the organism 
settling on the earth's 
surface: 

sr89 
sr90 
Il29 
Il31 
csl37 
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Cumulative Annual 
Dosage 2 mrem 

Fuel for 
Fuel for 
Fast-Neutron 

Water- Breeder-Re-
. Moderated actors ( only 

Critical Organ* Reactors plutonium) 

Entire body 
Skin 
Lungs 
Skin** 
Lungs 
Skin** 
Lungs 
Bone tissue 
Thyroid gland 
Thyroid gland 
Bone tissue*** 
Bone tissue*** 
Lungs*** 
Lymph nodes of 
respiratory 
organs*** 

Bone tissue*.** 
Lungs*** 
Lymph nodes of 
respiratory 
organs 

Lungs 

Bone tissue*** 
Bone tissue*** 
Thyroid gland 

·Thyroid gland 
Entire body 

5.000 
0.200 
0.900 

53.000 

0.300 
o.4oo 
0.100 
0.010 
0.020 
0.600 
0.900 

310.000 

0.200 
0.800 

100.000 
<0.200 

0.008 
0.140 

11.200 
13.000 

0.020 

6.7000 
0.2000 
0.8000 

48.oooo 
0.3000 
5.7000 
0.0400 
0.0500 
0.1000 

<10-4 

0.0009 
0.2000 
0.3000 

110.0000 

0.0300 
0.2000 

20.0000 
<0.1000 

0.0040 
0.0060 
0.0020 

82.0000 
o. 0010 

* If the irradiation doses of individual organs are indicated, this means 
that they also take into account the irradiation doses of the entire body. 
** At a depth of 0.07 mm. 
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Footnotes to Table 4.12 (continued} 

*** These doses were obtained over a 50-year period after the beginning of 
irradiation (·see Section 3. 5). All of the remaining doses were obtained in 
1 year. 

According to the calculations of the NKDAR Commission of the United Nations 
the use of nuclear power plants will not lead to dangerous levels of global 
pollution by long-lived gaseous radionuclides (of the Kras and H3 type), for 
which. the applied purification means of the nuclea~ power plants and the 
plants for processing nuclear fuel have low effectiveness. The committee 
began in their calculations. with the assumption that the electric power of 

w the nuclear power plants throughout the entire world will increase from 
22,000 megawatts in 1972 to 4.3 million megawatts by the year 2000. Taking 
the fact into account that the H3 and Kras formed is completely released 
into the atmosphere, their content in the atmosphere will rise from 1 to 720 
Mcuries and from 16 to 10,500 Mcuries, respectively. This will lead to ir
radiation for the entire investigated period in a weighted mean dosage of 
approximately up to 1.3 mrads, that is, no more than 2 percent of the total 
annual dosage of natural irradiation. The natural H3 content is 70-140 
Mcuries. The H3 content as a result of testing thermonuclear weapons in 

' 

: 1970 was 1,500-2,000 Mcuries. 

Table 4.13. Irradiation Dosage for the Entire Body From Watches With Dials 
That Contain Radium, Tritium or Promethium, From Color Televi
sion Sets and Also in Flight on Aircraft 

Source 

Ra296 
H3 
Pml47 

Color television 

Aircraft 

Activity, 
microcuries 

0.014- 0.36 
1.000- 5.00 

30.000-50.00 

Dosage Power, 
mrem/year 

1.3-5,3 
1. 0-4. 0 
10-3 

0.4 (younger than 15 
years); 0.2 (older 
than 15 years) 

Dosage Power, 
mrem/hr 

0.043 (at a distance 
of 5 cm from screen) 

0.700 (at an altitude 
of 9 km); 1.1 (at an 
altitude of 18 km) 

The discharge from the thermal electric power plants operating on coal con
tains natural a-radioactive Th23 0 Th22 a Th232 Ra226- 22 a and u239 which . . ' ' ' are present in the ash. The:discharges reach 15 millicuries/year (with re-
spect to Ra226 alone) for a power of the electric power plant of 1,000 mega
watts. According to the calculations, the irradiation of people in the vi
cinity of thermal electric power plants exceeds the dosage from nuclear 
power plants of equal power and amounts to 6-120 mrem per year for a total 
concentration of radionuclides in the ash of 5-100 microcuries/ton and dis
charge of about 4.5 • 10 3 tons of ash per year). 
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Man also receives definite irradiation in his daily life (Table 4.13) [35]. 

4.4. The Dosage of Radiation From Medical Procedures 

Medical procedures make a significant contribution to the irradiation of the 
population: isotopic and X-ray diagnosis, radiotherapy. On the average, 
for the entire population of the earth they reach 20-50 percent of the level 
of natural irradiation (Table 4.14). 

Table 4.14. Contribution of Various Sources to the Irradiation of the Popu
lation, Percentage of the Natural Irradiation [38)* 

Irradiation Source 

Natural irradiation 
Medical irradiation 
Irradiation from nuclear blasts (before 1970) 
Irradiation from nuclear power plants (by the year 2000) 
Occupational irradiation 
Irradiation from other sources 

Contribution 

100 
20-50 

3- 6 
2 
l 
01 

* In individual countries these values can deviate significantly from the 
presented ones for various population groups. 

Table 4.15, Approximate Irradiation Dosage When Taking X-Ray Pictures for 
Diagnostic Purposes (radiography) 

Exposure 
Organ Dosage, R 

Fingers and hands 
Shoulders 
Skull 
Vertebra· 
Pelvis 
Lungs 
Gastrointestinal tract 
Gastrointestinal tract when taking X-rays 
Teeth (at a short distance without amplifying shields) 
Lungs (transverse tomography) 
Heart (kimography) · · 
Lunr,s (fluorography) 
Chest cavity when taking X-rays 
Studies of the fetus in case of pregnancy 

0.06 
0. 70- 1.8 
0.80- 6.0 
1. 60-14. 7 
2.00-15.0 
0.04- 0.2 
o.58- 6.o 

12.00-82.0 
3.00- 5,0 

0.50 
2.00- 4.o 
0.20- 0.5 
4.70-19.5 
3.00- 6.0 

The approximate irradiation doses for various. medical procedures are pre
sented in Tables 4.15-4.17. 
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Table 4.16. Local Irradiation Dosage Recieved by Patients During Radiother-
apy in One Course of Treatment 

Dosage Recieved 
by Organs Sub
jected to Irra-

Disease diation, rads 

Nonmalignant damage to the skin and joints 
Various forms of cancer 

100- 2,000 
1,000-10,000 

Table 4.17. Calculated Dosage for the Gonads in the Case of Radiotherapy of 
Various Organs [35] 

Dosage, rem Dosage, rem 
Localization Men • Women Localization Men Women 

Oral cavity and pharynx 0.22 0.25 Lungs, bronchi 2.05 5.94 
Stomach 9.70 16.94 kidneys 44.74 
Rectum 385.20 Thyroid gland o.45 1.00 
Liver 5.38 10.04 Blood-producing 
Chest cavity 7.79 organs 123,72 210.00 
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Chapter 5. Tolerable Levels of Exposure, Norms and Rules for Radiation 
Safety 

In order to prevent somatic consequences and reduce the genetic consequences 
to a minimum, it is necessary to limit the doses of external and internal 
radiation of personnel, individuals from the population and the entire pop
ulation when using, storing and transporting radioactive materials, when 
using nuclear reactors, charged particle accelerators, X-ray machines and 
other sources of ionizing radiation. 

At the present time all of the countries that make use of atomic power have 
national standards and radiation safety rules based on the recommendations 
of the MKRZ [31, 33). These rules sometimes contain modifications which 
take into account the results of the work on radiation safety by the scien
tists in various countries, the social-economic and natural conditions of 
these countries. The deviations from the :MKRZ recommendations in the rules 
of the individual countries usually do not diminish the force of the MKRZ 
requirements and do not contradict them. 

In the USSR the "Norms for Radiation Safety" (NRB~76) have been established, 
which amount to a nEw, significantly revised edition of the "Radiation Safety 
Norms" (NRB-69) and the "Basic Sanitary Rules for Working With Radioactive 
Materials and Other Sources of Ionizing Radiation" (OSP-72, No 950-72) [2, 3). 
The latter were introduced in place of the previously effective !!Maximum Ad
missible Levels of Ionizing Radiation" (PDU-60) and the "Sanitary Rules for 
Working With Radioactive Materials and Sources of Ionizing Radiation" 
(No 333-69). No departmental rules or instructions should contradict the 
NRB-76. 

\ 5.1. Norms of Radiation Safety 

Categories of Irradiated People and Maximum Admissible Doses 

The radiation safety norms NRB-76 have established the following: 
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1) three categories of irradiated people and three* groups of critical organs: 

Category A--personnel; 
Category B--organic part of the population; 
Category C--population of the oblast, kray, republic or country. 
Group I--the entire body, gonads, red marrow; 
Group II--muscles, thyroid gland,** fatty tissue, liver, kidneys, spleen, 

gastrointestinal tract, lungs, crystalline lens** and other organs 
with the exception of those which belongs to groups I and III; 

Group III--bony tissue, skin, wrists, forearms, ankles and feet; 

2) basic dosage limits, admissible levels and working (control) levels for 
people in categories A and B. 

The maximum admissible somatic doses (PDD) of external and internal irradia
tion of personnel (Category A) and the dosage limits (PD) of the external 
and internal irradiation of people in Category Bare presented in Table 5,1. 
The maximum admissible doses do not include the doses of the natural back
ground and the doses obtained during medical examinations and treatment; 

3) the quality coefficient of the various radiation in the case of chronic 
irradiation of the entire body (Table 5.2). 

When planning radiation safety measures and when performing radiation moni
toring, the following normatives are used. 

For Category A 

a) maximum admissible annual intake (PDP) of radioactive materials; 

b) admissible level of radionuclide content (DS) in the critical organ; 

c) admissible concentrations (DK) of radioactive materials in the air of the 
work zone (and not the mean annual concentrations (SDK) as was used in the 
NRB-69); 

d) admissible level of dose power (DMD) of radiation which in previous nor
matives was used only for planning radiation protection (Table 5.6); 

e) admissible level of surface pollution (DZP). 

* Critical organs belonging, according to NRB-69, to Group IV are intro
duced into Group III: namely, the arms below the elbows, the legs below the 
knees. 
** According to PDU-60 the crystalline lens was put in Group I; and accord
ing to the NRB-69 the thyroid gland belongs to Group III. 
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For Category B 

a) maximum annual intake (PGP) of radioactive materials through the respira
tory organs and digestion; 

b) admissible concentrations (DK) of radioactive materials in the atmospheric 
air and in water; 

c) admissible level of dose power (DMD). 

Table 5.1. Dosage Limits of the External and Internal Irradiation, rem 

Groups of Critical Organs 
Dosage Limits Per Year I II III 

Maximum admissible dose for people in 
Category A 5.0 15,0 30 

Dosage limit for Category B 0.5 1.5 3 

Notes: 1. For Category A (with the exception of women of child-bearing age, 
to 40 years) assessment of doses of external radiation in the course 
of a year is not regulated. 
2. For women of child-bearing age introduction of limited irradia
tion in the pelvic area should not exceed 1 rem during any 2 months. 
3. According to NRB-60 the dosage limit of irradiation of the thy
roid gland of children and youths under age 16 was fixed at half that 
for the adult population and admissible to a level of 1. 5 rem per 
year. 

Table 5.2. Quality Coefficient of Various Types of Radiation 

Type of Radiation 

X-ray and y-radiation 
Electrons and positrons, B-radiation 
Protons with energy less tha.n 10 MeV 
Neutrons with energy less than 20 keV 
Neutrons with energy 0.1-10 MeV 
a-radiation with energy less than 10 MeV 
Heavy recoil nuclei 

K 

1 
1 

10 
3 

. 10 
20 
20 

Notes: 1. In NRB-76 the quality coefficient of a-radiation from calcula
tions of new scientific data increases from 10 to 20. 
2. When calculating the equivalent dose from calculations of osteo
tropic radionuclides it follows to take into account the coefficient 
of the assessed dose (Kr), describing the influence of the heteroge
neity of the distributed nuclides in the organ (tissue) on its can
cerogenic effectiveness in relation to Ra226 . For all radionuclides, 
except Ra226 , Kr= 5, for Ra226 Kr= 1. 

46 

FOR nrr:-11' 1111 lier. "~!I ,, 



FOR OFFICIAL USE ONLY 

Table 5.3. Maximum Admissible Intake PDP, Maximum Annual Intake PGP and 
Admissible Concentrations DK of the Mixture of Radionuclides of 
Unknown or Partially Known Composition 

a) Through the respiratory organs: 

{ 21 Jl.1a Kncropm1 A I )tnn KaTCrOpRII B 

Cae.:i.e1111A o cocTaee c111eC11 n,71,n, I Jll< a eoJ• nrn, / .nl< • 1'03-( 1) MKK11/ro,1 llYXC, KH/n NMK11/ro,11 .AYU, 'fCB./11 

'(3} (4) · (9) (4). 
(5)Hercse;iem1ll 0,001 4.10- 11 0,0001 1.10-n 

(.6) B c~1ec11 orcyrcre'y10r: 
tucm, 211pa ,. 
211p31 u,, uo, u1, •ttPu, 

0,002 8, 10- 11 0,0002 3.10-n • 

148Cm, m,rncr (7) 0,004 2-10- 11 0,0004 5.10- 11 

-221, m, 210, mAc, Th (npHpOJl• 
m,11\); 211Pa; 
21a, 2n, uo, 212

0 
20Pu; 

2•~cm, 10, 2-61, IIICf; 
211, ;,:,n, 2UAm 

( 8 )Jl1-0(i1,1e Gl·3KTIIBHble HyKJIIIJILI 
H 127Ac 

Jl1o(S1,1e Gl·3KTIIBHble nyKJtll)l!,I 
11 21opb, 12,Ac, a21Ra, u1pu 

Jl106ble a-aKTIIBHble HyKJlllJl!,I 
II eosr, 1a1, uopb, 227Ac, 
2uR:i, 21op30 uipu, H•Bk 

0,01 

0,06 

• 0,6 

8,0 · 

-4.10-11 0,001 l,JO.,.U 

.. 
2,lQ-H 0,006 5.10- 11 

2-10- 11 . 0,06 8,J0-11. 

3.10- 11 ,0,8 I .Jo- 11 

b) Through the digestive organs for Category B: 

Key: 1. 
2. 
3. 
)L 

5. 
6. 
7. 
8. 
9. 

10. 

Cel.';ie11m1 o cocTOoe cMec:R I 
( 5 )Her cee)le1111A 

I ( 6 :a CMeCII orcyTCTBy10r: 
(7) 11opb, 221, 121Ra, 11•c1, uo, uaTh (npH• 

po..1111,1i1) · 

,osr, 101, tlOPb, ''°Po, Ill, Ill, IIIRa, 
Th (npHp0,'lHb111), 111Pa, 111, .... Ill'. 111u, 
'2••Cm, iwcr • illfm . 

nrn, 
aocKH/roA, 

(£J3 

0,3. 

2,0 

Information on the composition of the mixture 
For Category ... 
PDP, microcuries/yr 
DK in the air, curies/liter 
No information 
In the mixture the followin,.~ are absent: 
(natural) 
Any a-active nuclides and 
PGP, microcuries/yr 

.UK 8 IIOJl9 
BO/li:JrllOII, 

l<Ji/a 

~~gl .. 

3.10- 11 

2.10-• 

DK in the water of bodies of water, curi~s/liter 

47 

FOR OFFICIAL USE ONLY 

i,/ 

"i 

,: 



FOR OFFICIAL USE ONLY 

The amount that the control levels exceed the admissible must be carefully 
substantiated in order that it be compensated for by lower values of the 
levels in the· remaining time and in order that the real irradiation not ex
ceed the dosage limit in a year. In all cases it is recommended that the 
control levels be established as low as is practically possible. This is 
the main principle of radiatibn safety. 

The introduction of the operating control levels into the NRB-76 creates the 
possibility for more effective. control of the radiation situation at the en
terprises ~nd in the external environment. 

According to the previous MKRZ recommendations, the irr~diation of the popu-
- lation from all sources of radiation except medical procedures and natural 

radiation background (genetic dosage for the population) must not exceed 
5 rem in 30 years and is distributed with respect to categories of irradi
ated peopl~ as follows: 

Category A 
Category B 

1.0 rem 
0. 5 rem 

Category C* 
Reserve 

2.0 rem 
1.5 rem 

By the new recommendations, this dosage was not introduced in the NRB-76. 
The monitoring and the regulation of the degree of irradiation of people in 
Category C belong to the competence of the USSR Ministry of Public Health. 

In all cases it is necessary to take measures•with respect to limitation of 
the irradiation of the population, decreasing the irradiation doses obtained 
by the individual people, limiting the number of people subjected to irradi
ation. In particular, it is necessary to limit irradiation in the case of' 
medical, radiological studies of the population, especially pregnant women, 
children and youths. 

In order to protect the population and the environment it is necessary to 
take measures with respect to limitation of the radioactive discharges. 

The equivalent dosage of irradiation Hof the people among the personnel 
must not e~ceed the maximum admissible dosage (PDD) per year, indicated in 
Table 5.1, and the dosage accumulated by the time the person is 30 years old 
must not e~ceed 12 PDD if we begin with a decrease in the probability of the 
genetic consequences (see Chapter 3). People younger than 18 years old are 

* Part of the genetic dosage for Category C is distributed as follows: in
ternal irradiation 1.5 rem, external irradiation 0.5 rem. 

In accordance with the presented distribution of the genetic dosage limit 
(PGD) with respect to categories of irradiated people and the established 
dose limits for these categories, the number of people in Category A must be 
no more than 1 percent, and in Category B, no more than 3 percent of the to
tal number of the given population (and the population as a whole). 
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not permitted to work with radiation. Hence, we have the formula* for the 
admissible (external and internal) irradiation of people among the person
nel as a function of age: 

H = PDD(T - 18), ( 5.1) 

where His the dosage, rem; Tis the age, years. 

According to the NRB-76, the people among the personnel can receive a simul
taneous dosage for the weight of the organism (and the organs of Group I) of 
5 rem once in a year, and women, up to 40 years old, over the pelvic area no 
more than 1.0 rem in 2 months. 

During the case of combined external and internal irradiation and intake 
(content) of several radionuclides into the organism, the condition must be 
satisfied under which the total of the ratios of the equivalent dosage of 
all types of external radiation on the given critical organ to the corre
sponding PDD and the ratio of the intake to the organism (content) of the 
radionuclides to their PDP (PGP or DS) would not exceed one: 

(5.2) 

where Hi is the equivalent dosage of the i-th radiation of the given organ; 
Pj is the intake of the j-th radionuclide. 

For convenience of the operative dosimetric control of the content of radio
active nuclides in the air of the work areas, in atmospheric air and in wa
ter, the DK are presented in the NRB-76 tables, the values of which were 
calculated by such ratios as (3,2)-(3.6) (Chapter 3), that is, for chronic 
intake of the radionuclides to the organism under the conditions of equilib
rium between the intake and the removal. During the entire occupational ac
tivity of man, the annual radiation dosage of the entire organism and indi
vidual critical organs with this nature of intake does not exceed the annual 
PDD. For certain long-lived radionuclides not reaching equilibrium accumu
lation in the critical organ for 50 years (Ra226 , Sr 90 , Pu239 , and so on, 
see Table 3,4), the numerical values of the PDP, PGP and DK were calculated 
from the condition that the DS, PDD and PD will be obtained only by the end 
of the occupational activity (Category A) or their entire life (Category B). 
Hence it is obvious that the PDP and DK are inapplicable for estimating the 
radiation dosage of the critical organs and the body during the period of 
short-term or discontinuous intakes and in emergency situations. 

Admissible Increased Intake of Nuclides Into the Organism 

The NRB-76 norms for the personnel permit the planned increased intake of 
radionuclides into the organism only in exceptional cases (for example, for 

* In the latest MKRZ and NRB-76 recommendations this formula is absent, for 
the statistical data for 30 years indicate observation (with a large safety 
margin) of the PDD. 

,J 
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elimination of the consequences of an emergency). The planned intake twice 
the PDP is permitted in each individual case or five times greater for the 
entire work period. However, the indicated assumptions are not equivalent 
to a 2- or 5-fold increase in the annual dosage of the irradiation of the 
critical organs, in particular with respect to the long-lived nuclides and 
those slowly eliminated from the organism (see Chapter 3). Therefore the 
actual irradiation dosage of the critical organs will be less than 2 and 5 
PDD. 

Table 5,4 reflects the formation of the dosage loads for various intake 
rhythms of certain nuclides from among the most radiation-dangerous [39]. 
The table can be used to estimate the dosage of the internal irradiation of 
the critical organs for planned increased irradiation or for different emer
gency situations, for in it a set of possible values of the duration of the 
intake tis presented: single for 10, 20, 30, 90, 180 and 365 days. The 
dosage loads were calculated directly after intake (t 1 = O, 10, 20, 30, 60 
days) , after a quarter ( t 1 = 90 days) , after 6 months ( t 1 = 180 days) , after 
a year (t 1 = 365 days) and after 5 years. The calculations were based on 
the exponential (with several exponents) models of the biological release of 
the nuclides from the organs and tissues (see Chapter 3), except the osteo
tropic nuclides for which the power law of biological elimination was adopted. 

In the case of limited nuclide intake time with food products, for some of 
them it was assumed that the activity of the rations decreases with a physi
cal decay constant "-r• 

In order to estimate the dosage in the case of inhalation or peroral intake, 
it is necessary to use the recommended coefficients for transfer of the nu
clide to the critical organ from the gastrointestinal tract fw or from the 
lungs fa (see Table 3.3). 

Admissible Increased External Irradiation 

According to NRB-76, the external irradiation in exceptional cases is per
mitted to be 2 and 5 times greater than the PDD for 1 year, that is, doses 
of 10 and 25 rem for the critical organs of Group I. However, this planned 
increase in the irradiation is not permitted when: a) the addition of the 
planned dosage to the accumulated dosage by the worker exceeds the value 
calculated by the formula (5.1); b) the worker previously obtained a dose of 
more than PDD by five times in case of emergency or accidentally; c) the 
worker is a woman 40 years old. 

The doses obtained for planned increased irradiation cannot be the basis for 
the elimination of the worker from his ordinary production duties. However, 
the continuation of the usual work by him is permitted only when the medical 
contraindications are absent. 

The SDK were established in the NRB-69 for the radioactive noble gases 
(RBG)--argon, krypton, xenon--inasmuch as the irradiation by them is deter
mined not by the internal, but the external S- and y-radiation. 
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Table 5.4. Tissue Doses (rem) of Certain Radionuclides 

a) Single intake 

.llosa ~a t, ... (t;8Mlll<8 4>oP ... 50 neT OT 
HylUIIJA 

. I< pllT11'1eCKHR fw fa 0)1HOI<P3TIIOl"O 
opraH noCTynnc111111 

I B KpOBb, 
~ 5 ,0 C:)T, (1) ( 2) ( 3' MKl<H 

'H (6) Bee Te.no I I 10-• o,s.10-• . 
"C (7) To >Ke 

I 

I 0,75 ,7,1.J0-• 2· 10-•. 
~ ' 

11Na To >Ke I 0,75 I .87° l0-• 9.10- 1 

up (8) Koer11an 0,75 0,32 0, 153- 6.J0-• 
TK:JHb 

'°C.O Bee Teno 0,3· 0,4 7,9-to-• 3,7.J0- 1 

•. 
•Sr KocrnaR · 0,21 0,28 0,37 4,6-10- 1 . ,· 

' TK8Hb I 

"5r To >Ke 0,21 0,28 39 . 0,1 
' 

1111 (9) lll11TOBll.ll,l18R 1 0,23 1,9 (16 
,KC,1C33 

u,es Bee reno I 0,75 . 0,061 3,7•10·' . 
I 

... aa KocrnaR 5.J0·• 0,19 0,2 0,08 
TK311b 

•'•Po (10 no'IKII 6-10·• 10-• 30 6 
(11 CeAeae11Ka 6• 10-• 10- 1 34 6,8 

111Ra KocrHoi 3.10- 1 3.10- 1 99 2,3 
TK8llb 

Note: With respect to P 32 , Co 60 , Sr89 , sr90, 1131 , cs 137, Ba14 0, Po2 16, 
Ra226 , the dynamics of the formation of the dosage are presented for 
intake with rations during the time from 110 to 365 days. It was as
sumed that the initial intake with the rations into the gastrointes
tinal tract a.mounts to Q0 = 1 microcurie, and the activity of the ra
tions decreases with decay constant Ar· 

Key: 1. 
2. 
3. 

Nuclide 
Critical organ 
Dosage in t 1 = 50 years from single intake into the blood, 1 micro
curie 
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Table 5,4 (continued) 

Mlfl'ONIIIIII 4031,1 ROCJ!e OAIIOK)laTllorO nocryn.'M!IIIIA 8 KPOllb I MKl<H sa ap,MA I, 

I 
I 

HC)T, I 30 l)T. I IO c:yr. 90 cyr. I IIO en . I 300 cyr. 

. 0,15, Uh•· 0,88,1~-• 

3'. 10-• .3,8, 10-• 5,3· 10-• 6, 1-10-• 6,8,10..:• 7,1,I0•• 

1,37-I0-• 1,62'. 10-:• 1,86, 10- 1 1,9, 10- 1 

0,1 0,12 0, 142 0,15 :\ 

5,6• 10- 1 
_,,,,,,,... .... 6,6,to·• 7,5.t0-i 1 ,s,10-.• 7,5.J0·• 7 5.10- 1 

I • 

8,6• 10-• 0,12 0, 185 0,23 0,27 0,29 

0,21 · o.~. 0,48 0,80 1,5 2,5 

1-,6 1,7,8 1,9 1,9 1,9 1,9 

7,4-t0·• , 1,10-.• 1,8-10· 1 2,6, 10~ 1 4,1-t0·• 5,4-10· 1 

0,13 0,16 0,19 o·,2 0,2 0,2 
.. 

10,8 14,4 22 25,8 29,4 30 1i,2 16,3 74,8 29,2 33,4 34 
/ 

3,3 4,0 5,7. 6,7 10 14,6 

4. 

5, 

Dynamics of the formation of the dosage after single intake 
blood of 1 microcurie during the time t 1 ... days 

~ 6. Entire body 
7. Same 
8. Bony tissue 
9. Thyroid gland 

10. Kidneys 
11. Spleen 

into the 

12. Dynamics of the formation of the dosage on intake of 1 microcurie/day 
over a period of time 

13. . .. years 
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Table 5,4 (continued) 

b) Limited intake with time 

) ,n1111a11111Ka 4,opMIIJ'()BJIIHR )l.OJl,I nr11 IIOCTj11JICIIIIH I 111<1(11/C)T .(12 B TC~CIIIIC B[)CAlrllll 

HyK1111,11, 

(1) )~0 cyT 

. 
'H 2,9.JO-C 

/ 1=90 CyT( 5 JO-' 
uc 5.J0-2 

1=90 CyT , 3. JO-I 

11=180 cyT 3,5.J0- 1 

12Na 5,4.JO- 2 

t 1=90 cyT 0,185 
p 0,37 

t 1=90 CyT 1,24 
11Co 6,s.1O- 1 

1=90 CyT 2,2.10- 2 

0 Sr 6,5,10- 2 

1=180 CYT 5. 10- 1 

8-0Sr l,6_.10- 1 

1=180 cyT 2,6 t 
t 1=5 JJeT (1 )) 19 

t 
t 

t 

u11 

1=90 CyT 
u1cs 

~=365 cyT 
~=5 ner 

1408a 

1=90 CyT 
11op0 

1=180 cyr 

•uRa 
1=360 CYT 
=5 Jl(!T 
=50 ner 

• 6,3 

14 
1,9.10- 2 

5,4. JO- 1 

6· 10- 1 

2,4.10- 2 

6,10-l 

1,8 
2,2 

24 
26 

3,4 
44 

. 95 
290 

I 20 CYT I 
9,5-10- 4 

2.10-• 

2-J0-1 

6· 10- 1 

7.10- 1 

1,75.JO- 1 

0,37 
1,0 

1
1,96 
2· 10- 2 

4,4• JO-~ 

2,5• 10- 1 

1, I 

0,6 

6,0 

38 

14 

20 
7,2.JO-2 

1, I 
1,2 
7.10- 2 

l, 1.10- 1 

6,7 
7,9 
50. 
62 

11 
90 

200 

600 

30 CYT I 90 CYT 

1,8.10-• 76-10-• '. 
3.10-• 8,4•10- 1 . 

3,5• 10- 1 1,9 
9,5• 10- 1 .3,0 

1, 1 
' 

3,2 
3,3.10- 1 1,4 

0,56 1.,56 

1,6 3,0 

2,4 3, (4 -

4.JO-2 l,7• 10- 1 

6,6. J0- 2 1,9.JO-I 

4,5-lQ-• 2 

· l ,6 3, I 

1,4 9,0 
I 

11 37 
57· 170 

19 24 

22 24 
l,6, lO- 2 1,3 

1,6 5 

1,8 5,4 
9,5.JO- 2 1, 7.10- 1 

l,4, 10- 1 1,s.10-• 

14 · 93 
17 100 

73 190 
77 200 

20 120 

130 420 

280 870 

900 2700 

I 180 cyr 

1,6-10- 2 

1,8•10-l 

5 

6,2 

6;4 

2,96 

3,32 
3, 14 

3, 14 
0,36 

0,4 

3,7 

4,4 

35 

80 

350 

- 24 

24 
4,3 · 

10 
II 

1,8• 10- 1 

l,8-J0- 1 

230 
250 · 
310 .-
330 

350 
900 

1800 

5·100 

I 365 C)'1' 

3,4• 10-
3,4:..•10-

:t I 
13 

·13 

6,3., 

6,6 
3,12 

· 3, 14 

0,76 

0,81 
4,6 
4,'9 

110 

190 
720 

24 
24 
13 
21 
22 

t 

• 

1,8• IO-
1,s.10-

400 
430 
440 
470 

1100 
2000 
3800 

11000 

The NRB-76 includes a special table in which the values of the DK in the air 
of the RBG isotopes are presented depending on the volume of the facility 
and for open terrain and also as a function of the critical organ (skin, 
subcutaneous tissues, gonads). In Table 5.5 which follows, for convenience 
of calculation of the external irradiation created by the RBG, the values of 
the dosage power in these critical organs are presented for RBG concentration 
in the air of 1 curie/liter. 
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Table 5,5. Power of the S- and y-Radiation Dosage of the RBG Isotopes 
(rads/sec) With a Concentration of 1 Curie/Liter in the Facility 
of Different Volume 

H )K.111,!l 

1) 

' lflr 1Kr 
$'"Kr 
'Kr • • 
• 

II 

•Kr 
•Kr 
3Xe 
111·Xe II 

I 11Xe 
umxe 
11 Xe 
a.xe 

7.,0 Ml 

p 

• 
~] 

~ 11 C: 
0 0 :a 

:,; c:: = 

~~\ }9~l 
34,2 1,30 
43,0 4,40 
85,U 51,0 
47,0 )6,0 
67,0 40,0 
10,5 O,Q2 
31,0 0, 15 
50,0 5,40 
:!4,0 0,(17 
6G,0 41,0 
91,0 55,0 

fif) M3 

T p ' 

' C: !IE 0 
0'"' 

j i :.: " 
~] 

:,; c:: = 
l \) 78,7 19,4 
0,0 34,5 1,4 
0,25 44,0 ~,O 0,80 117 6 ,3 
2,2 G3,0 24,6 
2,3 125 74,0 
0, 11 10, G 0,02 
0, 13 37,0 · 0,2 
0,27 53,0 6,2 
0,60 27,0 0, I 
0,24 130 83,0 
1,2 131 71,0 

.. 
~ 

:,; 

79,7 
3·1,6 
45,0 
·21 !J 
83,4 
2:26 
10,7 
41,5 
53,0 
27,0 
250 
172 

2GO M• 

T p T 

f 5 
~ ::i 0 ~ 0 r: 11,:: r; 

~ "' 0 :a ... :,; c:: = I-< 

3,00 79,5 19,7 4,90 
0,00 34,6 1,4 0,00 
0,50 45,0 ~.2 0,85 
I ,GO IG9 107 2,GO 
4,30 76,4 33,5 1,00 
4,50 175 113 7,60 
0,22 10,7 0,02 0,35 
0,25 40,0 0,25 0,40 
O,tiO 53,0 6,20 I ,CO 
I, 10 27,0 0, 15 1,90 
0,44 195 131 0,76 
2,30 162 90,0 4,00 

2000 "'' 
Q 17 000 M• Ila Oil<phlTOn MCC:1 IIOClll ( r, ) 

·p T p T p T 

~§ f s f ~ 
i 

~5 .. i ti 
C 0 0 

~ 11c: . ~"i rfc: r; r; 
'"' 0 :a ., O:a ~ c:: = ~ :,; C:::: I-< :,; c:: = 

19,8 10,0 79,7 19,8 19,8 79,7 19,8 135 
1,4 0,00 34,G 1,4 0,00 34,6 1,4 0,5 
5,2 . 1,70 45,0 5,2 3,40 45,0 5,2 38,6 
145 5,50 228 152 10,9 228 152 191 

38,0 14,2 83,7 38.,0 27,5 83,7 38,0 501 
150 15, I 237 158 29,5 237 158 414 
o.o~ 0,69 10,7 0,02 1,30 10,7 0,02 11, I 
0,30 0,78 41,5 0,30 1,40 41,5 0,30 8,7 
6,20 1,90 53,0 G,2 3,80 53,0 6,2 59,0 
0, 15 3,70 27,0 0,15 7,30 27,0 0, 15 104 
171 1,44 2!J7 177. 3,00 257 177 · 45,2 

96,0 7,90 1,2 9G,0 15,4 172 96,0 264 

* The thickness of the covering layer of the skin is taken equal to 7 mg/cm2 
and the subcutaneous tissues, 100 mg/cm2. 

Key: 1. Nuclide 4. Body 
2. Skin 5, In open space 
3. Subcutaneous layer* 

Irradiation of a Limited Part of the Popuiation and Workers Not Among the 
Personnel 

The irradiation of a limited part of the population living next to nuclear 
enterprises or installations, according to the NRB-76, is controlled by 
measuring the radioactive discharges, the local dosage power and levels of 
radioactive pollution of the external environment (air, water, food, soil, 
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and so on) and subsequent calculation of the dosage. The estimation of the 
doses is made by the critical group from among the people in Category Bin 
the territory of the observation zone. However, the actual doses can differ 
from the calculated one3 depending on such factors as age, weight and height 
of the person, metabolism, peculiarities of rations and customs, and living 
characteristics. Therefore for people from the population, it is not the 
maximum permissible dosage that is established, but maximum dosage and maxi
mum annual intake PGP which regulate on the average the irradiation of peo
ple among the critical group of the population. 

The established dosage limit for the individual people among the population 
gives a very low risk factor. The somatic effects of any type or degree are 
excluded (see Chapter 3). The probability of additional somatic-stochastic 
and dominant genetic effects is at least 10 times less by comparison with the 
natural level [26]. Therefore some time of exceeding the dosage limit, the 
mean daily dosage power and the mean daily nuclide concentration in the air 
and water does not increase the risk significantly. Nevertheless, all meas
ures must be taken to lower the irradiation dosage and the number of people 
irradiated from a limited segment of the population. Any temporarily plan
ned exceeding of the DS and DK must first be agreed on with the agencies of 
the Gossannadzor Inspectorate. 

The values of the temporarily permissible concentrations (VDK) of radioac
tive materials in atmospheric air and water (food)* for a limited segment of 
the population can (although this is not provided for by the NRB-76) be cal
culated by division of the PGP by the standard intake P (liters) of air or 
water in the required time interval (hours, days, months, and so on): VDK = 
PGP/P. The inhalation rate of an adult human is assumed equal to 2 • 104 

liters/day (7,3 • 106 liters/year). The amount of water intake by a mature 
person entering into the composition of food products or entering in the 
form of a liquid is assumed equal to 2.2 liters/day (8,000 liters/year). 
Here it is necessary to consider that in this selected time interval (hour, 
day, and so on) the intake on the level of the annual intake takes place 
(PGP). 

However, more exact calculations of the VDK can be made by formulas (3,7)
(3.14) or in certain cases using the data from Tables 3.7 and 5.4; 

In order to prevent unfounded irradiation of the workers not among the per
sonnel, the NRB-76 limits the maximum dosage for them on the PD level for 
the limited segment of the population. The irradiation of the institution 
workers categorized in Category Bis controlled by the power of the equiva
lent dosage of the external irradiation and by the average concentrations in 
the air of the facilities and in the territory of the institution. 

* The DK in water for people from a limited segment of the population (Cat
egory B) can be adopted for estimating the permissible pollution of food and 
drinking water. 
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Emergency Irradiation of Personnel 

The maximum doses of the external emergency irradiation and intake of radio
active materials into the organism of the NRB-76 have not been established. 
In each institution where work is being done with radioactive materials and 
other sources of ionizing radiation measures must be developed which are 
aimed at the prevention of emergency situations and also the elimination of 
the consequences in case of their occurrence. In the case of an emergency 
it is necessary to take all practically possible measures to reduce the ex
ternal irradiation and the intake of radioactive materials into the human or
ganism to a minimum. 

In order to save the life of the people, prevent a large-scale emergency and 
overirradiation of a large number of people, irradiation of a number of peo
ple with a dosage exceeding 2 or 5 times the maximum admissible dosage in 
the schedule provided for by the NRB-76 is permitted. In each individual 
case it is first necessary to .inform the personnel of the possible risk and 
the possible consequences of overirradiation. This irradiation can be per
mitted with the permission of the enterprise management and agreement of the 
executive agent. 

The single external irradiation above 5 PDD or single intake of radionuclides 
above 5 PDP must be considered as potentially dangerous, and after irradia
tion the worker must be sent for medical examination. 

Each emergency irradiation of more than 2 PDD or 5 PDD must thus be compen
sated in the following 5-10 years so that the accumulated dosage will not 
exceed the value defined by formula (5.1). 

5,2. Basic Sanitary Rules for Work With Sources of Ionizing Radiation 
(OSP-72) 

The basic sanitary operating rules with sources of ionizing radiation have 
been developed in accordance with NRB-69 and the Sanitary Norms for the 
Planning of the Enterprises (SN 245-71). 

The OSP-72* contain the following requirements: 

1) the requirements on the location of the institutions and enterprises for 
working with radioactive materials and sources of ionizing radiation; 

2) the organization of operations with them; 

3) obtaining, accounting for, storing and transporting radioactive materials; 

4) when working with closed sources; 

* At the present time the OSP-72 are being reexamined and will be presented 
in accordance with the NRB-76, 
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5) when working with radioactive materials in open form (discussed in great
est detail and most fully); 

6) requirements on ventilation, dust and gas purification and heating; 

7) water supply and sewage; 

8) gathering, removal and decontamination of solid and liquid radioactive 
waste; 

9) maintenance and deactivation of the work areas and equipment; 

10) with respect to individual protection and personal hygiene; 

11) requirements on the structure of the sanitary passthroughs and locks; 

12) requirements on radiation monitoring. 

Planning the Protection Against Ionizing Hadiation 

The planning of the protection against ionizing radiation, according to 
OSP-72 must be done in a differentiated manner depending on the category of 
the irradiated people, the irradiation tinte, the purpose of the facilities 
and the duration of the work week: 36 or 41 hours (Table 5,6). 

In order to monitor the effectiveness of the biological shielding it is con
venient to use the calculated values of the transfer and density of the vari
ous types of radiation flux corresponding to the weekly dosage of 100 mrem 
(Tables 5.7, 5.8) and 600 mrad for electrons (Table 5.9) with normal inci
dence of the irradiation on the body. 

Table 5.6. Power of Dosage Used When Designing Shielding Against External 
Ionizing Radiation [3] 

Category of 
Irradiated 
People 

A 

B 
C 

Facility 

Constant presence of personm.-1 
Personnel present no more than 18 
hrs/wk 

Unmanned* 
Any 
Any*** 
Any facilities or territory within 
the limits of the observed ZJne 
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Planned Power of 
Dosage 2 mrem/hr 

For Working For Working 
36 hrs/wk 41 hrs/wk 

1.40 

2.80 
28.00** 
0.10 
0.14 

0.03 

':J 

1.20 

2.40 
24.oo 
0.10 
0.12 

0.03 
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Footnotes to Table 5.6: 

* We have in mind facilities with sources of ionizing radiation where 
personnel enter only for repairs. 
** The thickness of the walls between adjacent facilities, tha.mbers, and 
pits in the case where access to them is only after elimination of the radi
ation sources from them is determined by the structural arguments and is 
calculated from the conditions of the stay in these facilities of the per
sonnel during repairs. 
*** OSP-72 is not provided for, but corresponds to NRB-76. 

Table 5.7. Levels of External Ionizing Radiation Corresponding to a Dose of 
· 100 mrem Per Week 

i ( 
6 

rOIIUIOC11> .IIOJLI 11.111 ~(2) ..()) ,4 n.~OTIIOCTb DOTONI , 
ic· :c J:: = 4>JIIOCIIC 11.'III ~ §~!.'i ~ 

'Du.1, HJ.1)"1CIIIIA g:l! ncpeuoc qaCTHI.I, npu ~- "'i::2 CN1 

IO ( 8 J. 
ral5o1e ,e. 0 ,., it 'c.:%) ,0. ~ ;,' eAIIIIHl\8 UJMepellUA 3li q D 

.(1) :: "' 0 1c' 0~ IICACJI cfi:;: :,dl'8 :.:~ ( s) (7) 

Pen rre1100• ~lq)r 
KOC II '(·113· 10- 1 

.,y11e1111c AO 3 
· Mo110,111ep- Or 0, 1 
renfl1ec1rne .no 8 
9,1CKTp011bl 
Ten.,oDLte 25• 10-• 
11eiirpo111,1 (14) 

(16·) 

(17) 

l la~ re11.1ooble 10-T 
11eiirpo111,1 10-• 
npoMeiKy• 5.10- 1 

- TO"llble 2-10- 1 

Heiirpouw 0, l 
(i8 ) &icrpble 0,5 

HeiiTpOHl,1 1 
5 

10 
20 

(19 )Ceepx61,1cT• 10: 
pwe Hf!Arpo- 5. 101 

llbl 101 

104 

I. JOI 

Key: 1. Type of radiation 
2. Radiation energy, MeV 

2,0- 1 Or 1,5-109 (11 )_Mp/'1 
1,2 AO 9,0,10' 

9.1eKTp. / (CM1 •C) 5-0,8 1 Or65,101 

Ao 3,'3.10• (13-) _ 

6,0 :2,8 1,0.10• Heii)p./(cM1•c) 
(15 . 

6,0 2,8 l ,0-10' Helirp./(cu•-c) 
5,0 2,8 4,8-101 . • 6,0 2,5 6 ,2-10' • 5,0 2,7 5,8, 101 • 3,0 9,0 l,2-10' • 
2,2 12,0 3,4, IO' Heihp,,'(Cll1 ·C) 
2,2 12,0 2,4• 10• . 
1,6 8,4 2,Q.)00 • 1,7 6,7 2,0.10• • 2,5 8,0 1, 6, JOO . 
1,9 4,0 2,0,105 • l.9 3, () 1,6-10' . 
1,9 2,5 8,4-101 . 
1,9 2,5 3,2-105 

• 1,9 2,5 2, JOI • 

3. Coefficient of isotropicity of the irradiation 
4. Quality coefficient 
5, Fluens or particle transfer, cm2 

6. Dosage power or flux density 
7. Unit of measurement 
8 .. For working 36 hrs/wk 
9. X-radiation and y-radiation 

10. From •.. to 
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2,8 . ~ 

5-2 5 

780 

780 
370 
480 
450 
90 
27 
19 
15 
15 
12" 
15 
12 

6,5 
2,5 
1:s 

'\. . 

J 
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Key to Table 5.7 (continued) 

11. Millirads/hr 16. Superthermal neutrons 
12. Monoenergetic electrons 17. Intermediate neutrons 
13. Electrons/(cm2-sec) 18. Fast neutrons 
14. Thermal neutrons 19, Superfast neutrons 
15. Neutrons/(cm2-sec) 

Notes: 1. The presented values of the fluens of y-quanta and the monoener
getic electrons correspond to the average values. The more exact 
relations as a function of energy are presented in Tables 5.8 and 
5.9. 

2. In case of irradiation of the crystalline lens by neutrons, spe
cial values of the quality factor are used which depend on the en
ergy of the neutrons (for En= 1 MeV K = 30; for En= 5-10 MeV 
K = 20) [1]. 

3. For pulse radiation it is possible to use values of the particle 
fluens presented in the fifth column. 

4. Coefficient of isotropicity of irradiation indicates how much it 
is necessary to multiply the flux density (or transport) of the par
ticles presented in Table 5,7 for normal incidence of particles on 
the body in order to obtain the MED equal to 100 mrem under actual 
conditions of almost isotropic irradiation of man (see Chapter 8). 

5, The divergences with the data of the analogous NRB-76 data are 
caused by the fact that the NRB-76 data were obtained from calculat
ing 2,000 working hours a year and and not 1,600 working hours a 
year (36 hours a week) as is done in the USSR for people working 
with sources of ionizing radiation and having a 4-6-week vacation 
per year which was taken into account in Table 5.7, 

Table 5.8. Flux Density of Monoenergetic y-Quanta Corresponding to a Dose 
of 100 mrads for a Worktime of 36 Hours Per Week 

011rrr1111, nnim,ocn. I Ko1,J,1J,111u1e11T II Sue pr 1111, I n:,otllOCTb I Ko: .. J>1J>111111-
M~R uo,·oKa • HJOTpon11ocrn i\bB ·nOTOKa, cur 11,orroa• 

lfna11r/(c~1••c) . l<DrulT/(nr••c) uocm 
1 3 1 2 (. 0,01 12-102 2,0 I 28 

0,015 2s.1oi 2,0 20 190 1, 2 . 
0,02 53-102 2,0 
0,03 11-101 2,0 
0,04 188,JOI 2,0 50 80 1,0 0,05 I 27-101 2,0 
0,08 255, l01 1,9 100 42 1,4 0,1 207,IQI 1,8 
0, 15 128-101 1,8 ·200 28 1,4 0,2 85-101 l, 7 
0,3 5580 l, 7 
0,4 4070 I, 7 500 18 1, 7 0,5 3450 1,6 
0,6 2720 1,5 • 
0,8 2086 1,5 1000 H 1,7. 
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Table 5,8 (continued) 

l 17-101 1,4 -· 
1,5 1260 1,4 2000 13 1,7 
2 1000 1,3 I 
3 680 1,3 
4 560 1,3 5000 12 l, 7 
5 520 1,2 10000 10 1,7 

Note: The divergence with the NRB-76 data (see Table 7,7) is caused by the 
fact that they were obtained calculating 2,000 working hours per year 
and not 1,600 hours per year (36 hours per week), 

Key: 1. 
2. 
3, 

Energy, MeV 
Flux density, quanta/(cm2-sec) 
Coefficient of isotropicity 

Table 5,9. Ratio Between the Dosage of 600 mrads on Irradiation of the Skin 
of the Entire Body and the Flux Density of Monoenergetic Elec
trons With a Worktime of 36 Hours Per Week 

:3urprmi, I nJ1or11ocrb 11(03,t,,~uuneur II :3neprnR, I n.,oTHOCTb I I<ol¢4lR11 .. M3B IIOTOl\a, H30TJ)OIIIIOCTR M3B noro•·a, eur HJCIJ)GII-
. 9Mt'.Tp./(CM1•c) • 9/ICKTp./(CM1•C) IIOC1N 

bl} 
<10 (;~3~ <~J (jJ ~~ h:J 0,2 GO 2,0 3 155 0,8 

0,3 82 1,5 5 155 0,8 
0,5 tl2 1;2 8 155 0,13 
0,8 130 1,0 20 145 
1,0 130 1,0 100 120 

Note: For S-radiation the critical energy can be assumed equal to one-third 
of the limiting energy of the S-spectrum of the source (approximately). 

Key: 1. Energy, MeV 
2, Flux density, electrons/(cm2-sec) 
3. Coefficient of isotropicity 

Placement of the Enterprises for Working With Radioactive Materials or Ion
izing Radiation Sources 

According to the OSP-72 and NRB-76 two zones are created inside the enter
prise or the institution: the controlled zone in which irradiation of more 
than 0.3 PDD is possible for the Category A personnel (in the controlled 
zone a mandatory individual dosimetric control is carried out); uncontrolled, 
in which the working conditions are such that the irradiation dosage will 
not exceed 0.3 of the annual dose (individual control is not carried out, 
the dosage power and the concentration of the radioactive materials in the 
air of the production facilities are controlled, and the irradiation dosage 
of the personnel is estimated by these data). 
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Around the enterprise or institution a sanitary protection zone is organized 
in which residential.buildings, kindergartens and other structures not be
longing to the enterprise cannot be placed. The radiation situation must be 
monitored in the sanitary protection zone. 

The territory around the enterprise in which the population lives pertains 
to the observation zone where the doses can exceed the established limits. 
In this zone the radiation situation is monitored. According to the OSP-72 
the width of the sanitary protection zone and the observed zone in the case 
of necessity of its organization is determined by the calculation with re
spect to the ejection of radionuclides into the air considering the prospec
tive growth of the enterprise capacity and also the meteorological condi
tions influencing the dispersion coefficient of the discharge in the atmo
sphere. The criterion for establishing the width of the sanitary protection 
zone is the limit of annual intake of radioactive materials through the re
spiratory organs and the dosage limit of the external irradiation of the 
limited segment of the population. 

The calculation of the size of the sanitary protection zone can be made by 
the procedure discussed in Section 5.7. 

Working With Closed Radiation Sources 

When using closed radiation sources, instruments, units and devices with 
sources (including nonisotopic sources), the ionizing radiation is preferably 
directed in the direction toward the earth or in the direction where there 
are no people. Maximum removal of the sources from personnel and limitation 
of the time that people are near the sources are needed, and it is necessary 
to create moving barriers and protective shielding, to post warning signs of 
radiation danger which are clearly visible from a distance of no less than 
3 meters. When working with closed sources of more than 200 mg-equiv Ra it 
is necessary to use special devices with remote control. All of the radio
active radiation sources in the nonoperating position must be in shielded 
containers; the nonradioactive sources must be deenergized. 

In the case of extraction of the source from the container, it is necessary 
to use a remote instrument or manipulator. The facilities where the station
ary devices with powerful sources are placed must be equipped with blocking 
and signal systems for the position of the irradiator and exceeding the dos
age power. It is necessary to develop measures with respect to the opera
tions of the personnel in case of emergency, loss of seal from a radiation 
source. 

Working With Open Radiation Sources 

All of the operations with open radioactive materials are divided into three 
classes (Table 5.10). A class is established depending on the radiation dan
ger of the nuclide determined by the level of minimum significant activity 
in the work area not requiring resolution for the performance of the opera
tions (see the corresponding table in the NRB-76) [2] and its actual activity 
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in the work area. In the case of using radionuclides, the minimum signifi
cant activity of which in the work area is not indicated in the NRB-76, it 
is necessary to take this value equal to 0.1 microcuries. 

Table 5.10. Classes of Operations and Groups of Nuclides With Respect to 
Radiation Danger [3] 

Minimum Signifi-
ca.t?-t Nuclide Ac-

Group tivity in Work Activity in Work Area, microcuries 
Index Area, microcuries I II III 

A 0.1 
B 1.0 
C 10.0 
D 100.0 
E 1,000.0 

More 
More 
More 
More 
More 

than 104 

than 105 
than 106 

than 107 

than 108 

Note: It is permissible to increase the 
area during simple operations with 
tillation, bubbling, and so on) by 
times. 

From 10 to 104 From 0.1 to 10 
From 102 to 105 From 0.1 to 102 
From 103 to 106 From 10.0 to 103 
From 104 to 107 From 102 to 104 
From 105 to 107 From 103 to 105 

activity of nuclides in the work 
liquids (without evaporation, dis-
10 times and, on storage, by 100 

Working with radionuclides with an activity less than the minimum significant 
activity i; considered by the NRB-76 the same as working with stable nu- ' 
elides, and does not impose requirements with respect to radiation safety. 

The operations with respect to Class III are performed in the exhaust hoods. 
The construction of a shower and a facility for storage and packaging of the 
solutions of the materials are recommended. 

The facilit~es for Class II work must be placed in an individual part of the 
building an~ have an entrance through a sanitation passage or shower and a 
radiation monitoring station at the exit. 

The facilities for Class I work are placed in a separate building or the 
isolated p~rt of the building with separate entrance only through the sani
tation passthrough and they are separated into three zones: 

Zone I--chamber, boxes and other sealed devices; unmanned facilities where 
the process equipment and com,~unications are located, and a~e the basic 
sources of radioactive pollution; 

Zone II--the periodically manned repair and transport facilities for repair-· 
ing equipment and other operations connected with the opening of the pro
cess equipment; the units for loading and unloading radioactive materials, 
temporary storage and removal of waste; 

Zone III--the facilities for constant presence of personnel, the operator 
control panels, and so on. 
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The polluted air removed from the facilities where the work is being done 
with radioactive materials must be subjected to purification in effective 
filters, and when working according to Class I and II, in addition to the 
filters provision must also be made for smokestacks. The height of the 
stack must provide for reduction of air pollution in the ground layer to 
values not exceeding the DK for the Category B people provided for by the 
NRB-76 or to the operating control levels which must be established in ac
cordance with the NRB-76, 

It is permissible to remove the ventilation air without cleaning if its ac
tivity at the exit does not exceed the DK for the air in the work facilities. 
Here the levels of irradiation of people in Category B must not exceed the • 
dosage limit established by the NRB-76 or the working (control) levels of PD. 

In the sealed chambers and boxes it is necessary to provide a rarefaction of 
no less than 20 mm H20 (the reduction of rarefaction to 10 mm H20 is permit-
ted temporarily). 

Table 5,11. Admissible Pollution Levels (according to the NRB-76) of the 
Surfaces, particles/(cm2-min) 

Object of Pollution 

1. Skin, towel, special underclothes, 
inside surface of the facing parts 
of the individual protection means 
(SIZ) 

2. Basic special clothing, the inside 
surface of the auxiliary SIZ 

3, Surfaces of the work facilities 
with the constant presence of 
personnel, the outside surfaces 
of the equipment and the intra
plant transport means 

4. Outside surface of the auxiliary 
SIZ, the surfaces of the semi
manned facilities and the equip
ment located in them 

5. Transport means and outside sur
faces of the packing complexes 
for hauling radioactive materials 

a-Radiating Nuclides 
Separate Other 

1 

5 

5 

5 • 10 

10 

1 

2 10 

2 10 

2 • 102 

10 

$-Radiating 
Nuclides 

2 • 10 

4 • 102 

4 • 103 

Notes: 1. The individual radionuclides include the a-active nuclides, the 
DK of which are less than 1 • 10-14 curies/liter. 

2. The admissible pollution of the surface layer of gloves, special 
footwear and additional SIZ is normalized uniquely with admissible 
pollution levels of the surfaces in the working facilities in which 
these protection means are used. 
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3. The skin coverings of the personnel after sanitary processing 
must not have pollution greater than 0.1 of the level indicated in 
the table. 

4. The residual pollution of the basic specialized clothing, the 
specialized underclothing and towels after deactivation must be no 
less than a third of the values presented in the table. 

5. The pollution picked up from the surfaces of the transport means 
anq outside surfaces of the packaging complexes is not permitted out
side the sanitary protection zone. 

According to the OSP-72 the liquid waste is considered radioactive if the 
content in it of radioactive materials exceeds by three times the DK for 
drinking water. The solid waste is considered to be radioactive if the 
level of surface pollution exceeds 500 a-particles/min or 5,000 $-particles/ 
min in an area of 100 cm2 , their specific activity (curies/kg) exceeds the 
DK for water by 100 times with respect to the artificial radionuclides, the 
specific y-equivalent of the waste exceeds 10-7 g-equiv Ra per 1 kg, and the 
power of they-radiation dosage tight against the surface reaches 300 micro
rem/hr. The procedure for gathering and removing the radioactive waste was 
discussed in Section 16.2. 

The radioactive pollution of the outside surfaces of the equipment, the tools, 
the surfaces of the operating facilities, the specialized clothing, the means 
of individual protection and the skin of the personnel (Category A) is per
mitted according to the NRB-76 no higher than the values presented in Table 
5.11. The pollution of the inside surfaces of the chambers, the boxes, the 
exhaust hoods and also the equipment in the boxes and the hoods is not nor~ 
malized. For the people in Category B the admissible pollution levels of 
the surfaces in the territory of the institution and in its facilities are 
set at no more than 0.1 of the corresponding values for the personnel pre
sented in Table 5.11. 

Radiation Monitoring 

Radiation monitoring must be organized so that in the facilities where the 
work is being done on the stationary devices with y-sources with an activity 
of more than lg-equiv Ra with neutron sources with a yield of more than 109 
neutrons/sec, with fissionable materials and also on the nuclear reactors 
and critical assemblies, dosimetric devices were installed with automatic 
sound and light signal units. When necessary provision is made for signal
ing three levels: normal, preliminary and emergency. 

When perforpiing operative dosimetric monitoring, according to the NRB-76, 
it is necessary to be guided by the operating (control) levels of DK. The 
volume of control can provide for estimation of the intake of radionuclides 
into the organism of the personnel and the people from a limited segment of 
the population in a year. 
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The personnel working with fissionable materials on nuclear reactors and 
critical assemblies and also under the conditions of unforeseen emergency 
radiation must be provided with individual emergency dosimeters. 

The personnel operating outside the controlled zone (categorized in Cate
gory B) for which there is low probability of irradiation above 1/3 of the 
PDD, must be provided with individual dosimetric monitoring. The personnel 
operating the monitored zone should be provided with individual dosimeters 
permitting monitoring of the quarterly, annual and daily dosage of external 
irradiation. For more details on the organization of the work of the dosi
metric monitoring services see Chapter 17, and on the dosimetric monitoring 
devices, Chapter 13. 

5,3. The Concept of Justified Risk in Using Atomic Energy 

A possible approach to the estimation of the harmful effect on professionals 
and the population from ionizing radiation, in particular, when using nu
clear power, is comparison of the loss which can occur in this case with the 
loss which the professionals and the population will bear from other forms 
of human activity. In the comparison, the advantages from utilizing nuclear 
power must be taken into account. 

The nuclear power plants are the only alternative to the energy shortage 
which is arising in connection with the limited resources of ordinary (or
ganic) fuel. Certain authors point out the great loss imposed on the envi
ronment by ordinary (thermal) electric power plants by comparison with nu
clear power plants (see Chapter 4) with equal power of the two. 

One of the approaches to estimating the acceptable risk of the harmful radi
ation effect on the personnel when utilizing nuclear power is comparison 
with the professional risk in the branches of industry which can be recog
nized as highly dangerous. It is most expedient to compare the risks with 
respect to fatal cases, for the damage leading only to loss of fitness to 
work or illness is less dangerous and poorly diagnosed. Accordingly, the 
statistical data on the number of fatal cases per million workers in the 
various branches of industry in the United States and Great Britain are of 
interest (Table 5.12). 

Being oriented, for example, on the chemical industry, it is possible to 
assume the admissible risk of death equal to no more than 100 cases per 
million for the workers in the atomic industry, that is, 10-4 year-1-man- 1 • 
It is possible to assume that 90 cases out of 100 will be conneeted with 
nonradiation causes, and the remaining 10, with the risk of radiation ef
fects equal therefore to 10-5 year-1-man-1 • 

,For the people from a limited segment of the population, the limit of ad
missible risk from radiation probably can be considered to be 0.1 of the 
occupational risk, for the norms for radiation safety set the level of ir
radiation of people from the population (Category B) at 10 times less than 
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the occupational radiation. Thus, the acceptable risk of population radia
tion can be assumed equal to 10-6 year-1-man-1 • 

Table 5.12. Average Probability of Fatal Cases During the Year as a Result 
of Production Trauma Per Million Workers in the United States 
and in Great Britain 

Branch of Industry, Type of Activity 

Sewing and footwear 
Textile, paper and polygraphic, construc
tion materials, lumber and chemical 

Metallurgical and shipbuilding, construc
tion, coal extraction 

Fishing trawler crews, aircraft crews 

Number of 
Fatal Cases, 
10-5-year-1 

1 -10 

10 -102 

Risk of Death, 
year-1-man-1 

10-5-10-4 

10-4-10- 3 

10-3-10-2 

The acceptable radiation risk to the population must be taken at a risk level 
(or below it) which exists in the residential areas, in transportation, and 
so on. For comparison, let us point out that according to the statistical 
data the risk of death in the population of industrially developed countries 
is within the limits of 10-3-10-3 per year (the accidents in transportation 
are 10-3, fires, falls, the effects from the heat and electric and power 
plants 2 • 10-5, smoking 5 • 10-4 , suicide 3 • 10-4 , and so on). The risk 
of cancerous diseases with fatal outcome in the USSR is on the average 10-3 
[26]. 

The investigated danger at the risk level of 10-6 does not have psychologi
cal significance for the ordinary man. He can know about, but he considers 
that he per§onally is not threatened by it. Inasmuch as individual people 
of the population are subjected to risks that are 10 times greater in their 
daily modern life than on the average for all the population, it is possible 
to consider it acceptable for a limited segment of the population to have a 
risk of 10-5 year-1-man-1 , which corresponds (compares) with the risk from 
the waste from ordinary electric power plants operating on coal (see Chap
ter 4). However, when estimating the risk of the effects from ionizing ra
diation on man it is necessary to compare the indices having identical na
ture and, namely, the frequency of the oncological diseases. 

The radiobiological statistically distinguishable data indicate the linear 
dosage-effect function among the cases of leukemia and other types of can
cer (the data on the death rate of the Japanese who survived the explosion 
of the atomic bombs in Hiroshima and Nagasaki, the data on the consequences 
of treatment of ankylosing spondylitis, induction of cancer by Ra226 , X-ray 
therapy, and so on were processed). However, this information was obtained 
after short-term irradiation with doses from 100 rads or more and hardly can 
exactly approximate the risk of a prolonged input in small admissible doses. 
A number of somatic injuries (for example, radiation cataract) have a clearly 
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expressed threshold, that is, there is a dosage (about 1,200 rads for low 
LPE) below which the effect does not occur (see Chapter 3). Therefore the 
use of the linear dose-effect relation on making the transition from large 
doses to small doses and chronic irradiation can in this sense be consid
ered a reliable estimate of the actual risk on irradiation with small doses 
if in this case the radiation quality coefficient does not increase with a 
decrease in the radiation dosage. 

The number of cases of leukemia in the Japanese (in all ages) who survived 
the atomic bombardment is 2.3 per year, which corresponds to 50 cases per 
106 man-rem. 

The risk for the mature population was 70 cases of the diseases per 106 man
rem. If we round off this figure (to the high side) to 100 cases of deaths 
from all types of cancer, including leukemia after irradiation with a dosage 
of 106 man-rem, then this will be five times greater than in the first MKRZ 
publications [30]. Under this assumption the risk of irradiation of large 
groups of the population is* 100 • 106 = 10-4 man-rem-1. Assuming the 
above-proposed value of the admissible risk of irradiation of the population 
equal to 10-6 year- 1-man-1, we find that the collective dosage of radiation 
of the population should not exceed 104 man-rem per year, and limited small 
groups of the population 105 man-rem per year. (The irradiation of 104 man
rem per year is taken as the admissible effect of the nuclear power plants 
in Great Britain and Canada.) 

From these prerequisites it follows, for example, that at the boundary of 
the nuclear power pl&nt territory with a dosage of 0.17 rem/year per man 
standardized in accordance with SP 38/3-68 [4], 50,000-60,000 people can 
live. 

If the actual radiation dosage is less than 5 mrem/year per man (see Table 
4.11), then even with a million population living in the zone of effect of 
the discharge from this nuclear power plant, the risk will be 5 • 10-7 
year- 1-man- 1 , that is, it will be half that that is considered acceptable. 

The indicated concept of the acceptable risk is unattractive in that, first, 
the selection of the acceptable risk level is quite arbitrary and, secondly, 
the irradiation is attached to people who do not have any relation to 
sources of radiation. Instead, a concept of inadmissibility of actual risk 
is proposed which cannot be actually detected for the given contingent of 
people during the entire lifetime of a generation.** 

* According to publication 25 of the MKRZ Committee this risk is assumed 
by the MKRZ. 
** M. M. Saurov, V. A. Knizhnikov and A. D. Turkin, "Modern Problems and 
Some New Concepts in the Field of Standardizing the Irradiation of Profes
sional Workers and the Population," IAEA-SM, 184/46, Vienna, 1974, p 277. 
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According to this concept the risk is considered admissible if it is felt 
within the limits of the statistical error of the death rate index from the 
cancer diseases of the population. 

Beginning with the concept of inadmissibility of the actual risk considering 
the number of irradiated contingents (Categories A and B), the radiation 
safety norms for the majority of countries must limit the irradiation to a 
dosage of no more than 5 rem per year (Category A) and no more than 0.5 rem 
per year (Category B). 

However, even this concept has an organic deficiency: with an increase in 
the death rate index the admissible irradiation risk increases proportion
ately. 

5.4. Sanitary Rules for Designing and Operating Atomic Power Plants, Re
search Nuclear Reactors, and Critical Installations 

The sanitary rules have been developed in the development and the supple
menting of the radiation safety norms, and they reflect the specific insur
ance of radiation safety of the corresponding objects and installations. 

During the design, construction and introduction of the indicated objects 
and devices into operation, it is necessary to be guided by the sanitary 
norms for the design of the industrial enterprises (SN 245-71). 

Rules for the Nuclear Power Plants, Nuclear Reactors and Critical Installa
tions 

The rules for the nuclear power plants (No 38/3-68)* and the research nu
clear reactors (No 1128-73) contain several divisions: the general princi
ples in which the basic sources of radiation safety are enumerated; the re
quirements on the placement of the reactors on the terrain, the planning and 
finishing of the production facilities, the organization of the technologi
cal process and the equipment, individual operations in the maintenance and 
the performance of the repair operations, biological shielding and organiza
tion of the sanitary and dosimetric monitoring, general exchange and process 
ventilation, purification and removal of gaseous waste, the water supply and 
sewage systems, the sanitary-domestic facilities, the individual protection 
measures, the rules of personal hygiene and organization of the medical ser
vice. 

The nuclear reactor, just as the critical installation, is a device in which 
a controlled chain nuclear fission reaction of heavy nuclei (uranium, plu
tonium, thorium) is realized. 

* Rules No 38/3-68 are in the stage of reexamination and reapproval. 
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The process of the fission of nuclear fuel in a reactor is accompanied by 
the emission of y- and neutron-radiation with the formation of radioactive 
fission products and also radionuclides of activation by neutrons. 

The reactors are classified with respect to the type of core (heterogeneous, 
homogeneous), with respect to the operating regime (stationary, impulse), 
with respect to the energy of the neutrons used for the fission of the fuel 
(the thermal, fast neutron or intermediate neutron reactors), with respect 
to type of moderator and coolant (graphite, heavy water, water cooled, water 
moderated, liquid metal, gas, organic, and so on), with respect to the heat
removal regime (water under pressure or boiling water). 

The basic types of radiation effects on the personnel under the conditions 
of normal operation of the reactor are external S-, y- and neutron-radiation 
(basically y-radiation) and internal radiation as a result of the intake of 
radioactive aerosols (primarily during the repair operations) [34a]. In the 
shut down reactor there is no neutron-radiation. 

A characteristic feature of power reactors for nuclear power plants is the 
stressed thermal and hydraulic regime of the core, which gradually leads to 
cracking of the metal jackets of the fuel elements in which the nuclear fuel 
is enclosed, to leakage of part of the fission products into the coolant from 
the fuel elements that have lost their seals. The gaseous and volatile fis
sion products (krypton, xenon, iodine) get into the process facilities of 
the reactor as a result of leakage of the coolant from the heat removal cir
cuit, then into the air of these facilities, and then they are removed to 
the atmosphere. Therefore for the nuclear power plants insignificant pollu
tion with the fission products of the facilities and equipment and also ex
ternal environment is probable [34a]. 

The research reactors, as a rule, are equ_ipped with experimental channels 
which run through the core for the irradiation of various specimens in them. 
They have horizontal or vertical beams of extracted neutrons, they contain 
experimental active loops in which tests can be run on the individual fuel 
elements or radiation circuits for activation of the coolant with subsequent 
utilization of it as a highly active radiator, and so on. In the research 
reactors the external irradiation is more probable than internal. 

The radiation effect on the personnel of the nuclear critical installations 
is small when observing the sanitary rules for the design, operation and 
maintenance of the critical installations (No 174/3-72) [5] and the rules 
with respect to nuclear safety (PBYa-02-73*). However, it increases sig
nificantly for the activation measurements and especially during emergen
cies--spontaneous chain reactions (STsR). 

* See also: "Pravila yadernoy bezopasnosti atomykh elektrostantsiy 04-74" 
[Rules for Nuclear Safety of the Nuclear Electric Power Plants 04-74], Mos
cow, Atomizdat, 1976, 
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Table 5.13. Radioactivity (curies) of a Mixture of Fission Products of u2 35 as a Function of the 
Run Time and the Holding Time With a Thermal Power of the Reactor of 1 kw ( short
lived radionuclides with T1 ; 2 < 2 days were not considered) 

Eoldini 
l'ii..e, 
d.ays 

0 
10 
15 
20 
30 
45 
60 
90 

120 
• 150 

180 
200 
360 
720 

1080 
1800 

280,2 385.7 
105,0 165.3 
76,53 126,7 
59,89 101,3 
41,25 72,41 
27,40 49,79 
20,33 37,68 
13,23 25,09 
9,56 18,28 
7, 19 13,85 
5,55 10,72 
4,73 9, :6 
1,84 3,50 
0,640 1,31 
0,351 0,704 
0, 161 0,325 

45 . 60 

445,8 503,8 542,8 595,3 
2C6,7 250,7 280,0 332.0 
161,3 2C0,4 229,9 273.4 
132,4 167,6 194,9 234,8 
97,02 126,3 149,9 185,3 
68,57 91,95 111,3 141,6 
52,75 72, 11 88,68 114,6 
35,78 50,00 62,00 81,83 
26,2G 36,90 46,76 61,89 
19,98 28, 18 35,84 47,68 
15,49 22,02 28,66 37,31 
13,32 18,87 24,07 32,62 
5,19 7,50 9,87 13,70 
1,97 2,87 3,92 5,45 
1,08 1,45 2,21 2,97 
0,5('6 0,718 0,939 1,38 

OIi 

631, 1 I G-!2,0 657,4 68G,5 736, 1 780,4 1073 
370,0 378,0 386,0 416,0 457,6 500,0 774 
302,9 312,3 326,7 351,7 395,5 437,8 712,4 
2li3,7 272,7 285,5 310,6 353,9 394,3 G68.9 
211,6 219,5 231,6 255,0 296, I 334,3 608,8 
164,4 171,7 183,3 203,0 240, I 276,6 551. I 
136,6 141,0 150;-I 169,3 203, 1 237,7 512,9 
97,40 W3,0 IG9,7 125,6 154,5 185,8 459,3 
73,94 78, 10 78, 10 83,90 97,21 151,2 423.:i 
57,69 GI .09 66,57 77,24 99,50 126,2 397,3 
46,00 .C8,82 52,98 62,66 82,67 l07,5 377,4 
39,98 42,53 46,22 55, 12 73,85 97,5n 366,t~ 
17,42 18,82 20,82 25,89 38,53 55,78 318.fi 
7, 11 7,75 8,79 l l ,C6 17,54 27,70 280.~ 
3,93 4,21 5,41 6,20 IO, 18 17,05 262.X 
1,88 2,04 2,35 3,03 5,25 8,85 245,7 
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Table 5.14. y-Equivalent (g-equiv Ra) of a Mixture of Fission Products of u235 as a Function of 
the Run Time and the Holding Time With a Thermal Poewr of the Reactor of 1 kw (short
lived radionuclides with T1 ; 2 < 2 days were not considered) 

:lolding 
Time, 10 

I 
20 I 30 I 45 I 60 l iavs 

-
:. 0 95,96 131,9 151,6 169,4 179,6 
10 36,03 55;53 68,25 80,16 85,9 

. . 15 25,62 41,05 51,59 62.25 68,09 
20 19,51 32,07 40,97 50,30 57,95 
30 12,60 21,39 28,05 35,48 41, 18 
45 7,59 13,36 18,12 23,81 28,44 
60 5,21 . 9,21 13, 14 17,77 21,67 
90 3,20 6,00 8,57 11,95 14,80 

120 2,29 "4,36 6,26 8,76 10,92 
.·· 150 1, 71 3,26 4,70 6,57 8,20 

180 1,29 2,45 3,53 4,93 6,14 
200 1,06 2,02 2,91 4,07 5,07 

·•.360 0,238 0,451 0,661 0,923 I, 15 
720 0,030 0,055 0,094 0, 128 0,164 

.1080 0,018 0,032 0,0581 0,076 0,095 
1800 0,012 0,021 0,040 0,052 0,063 

3un Time~ da;rs 

90 I 120 I 130 I IEO I 
192,7 202,0 203,9 207,6 
96,01 108,0 110,0 113,3 
80,23 86,31 89,54 92,71 
66,69 73,61 75,73 78,78 
49,70 55,97 57,88 60,66 
35,65 41, 10 42,77 45, 18 
27,89 33,00, 34,07 36, 14 
19,47 23,01 24, 10 25,66 
14,42 17,09 17,91 l9,C8 
10,82 12,82 13.44 14,32 
8,11 9,53 10, 10 10,75 
6,70 7,95 8,35 8,30 

· 1,54 1.87 2,00 2. 14 
0,228 0,324 0,358 0,39G 
o. 132 0,20·1 0,228 0,254 
0,086 0, 142 0,162 0, 182 

200 I 360 I 
214,7 223.0 
119,7 128, I 
98,79 106,5 
85,57 92,26 
65,93 72,93 
49,64 55,81 
40,08 45,39 
28,62 32,67 
21,30 24,41 
16,CO 18,40 
12,03 13,94 
9,96 11,61 
2,45 3,12 
0,492 0,813 
0,316 0,559 
0,223 0,415 

720 I 
227,0 
131,0 
109,6 
94,97 
75,47 
53. 13 
47,50 
34,47 
25,98 
19,87 
15,32 
12,76 
3,92 
1,36 
1,00 
0,787 

00 

247, I 
151,2 
129,7 
115,1 
95.51 
78,20 
67,60 
54,50 
45,87 
38, 12 
34,95 
32.4 9 

1 
2 

23,3· 
20,2 
19,43 
18,4 4 
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The critical installation differs from the reactor by its low power (no more 
than 100 watts), sufficient only for good operation of the control and pro
tection system when performing critical experiments and also the flexibility 
of structural design permitting easy changing, as a rule, remotely, but 
sometimes manually, of the configuration and composition of the core, the 
moderator and coolant levels. For the rest, the critical installation is a 
full-scale prototype of a nuclear reactor (with respect to dimensions and 
composition of the core), but not having the basic biological shielding and 
the forced cooling system of the core [40]. 

Inasmuch as part of the operations with respect to reconstruction of the core 
are performed near the critical installation, frequently without a sufficient 
level of water shielding (the water is also the moderator), in the critical 
installations a sudden emergency irradiation of the personnel is probable if 
an STsR [spontaneous chain reaction] takes place at the time of adjustment 
[40]. 

The radioactivity of the fission products in the reactor core, their y
equivalent are proportional to the thermal power of the reactor, the oper~t
ing time at the power and the holding time after shutting down the reactor, 
and they characterize the potential radiation danger of the reactor (Tables 
5.13, 5.14). 

If we consider, for example, that the thermal power of the series nuclear 
power plant with the VVER-440 water-cooled, water-moderated reactor is 1.4 • 
106 watts, then from Tables 5,13 and 5.14 it follows that the activity of 
accumulation in the core at the end of the run (360 days) reaches 109 curies, 
and they-equivalent, 4 • 108 g-equiv Ra. 

For l percent gas-tight fuel elements and 0.1 percent fuel elements with 
macrodefects, the activity of certain fission products in the coolant of the 
VVER-440 reactor can by calculation reach the maximum permissible values af
ter prolonged operation (one run) presented in Table 5.15 [41]. In the cal
culation it was assumed that the rate constant of loss of volatile fission 
products through microdefects in the jackets of the fuel elements into the 
coolant is ro- 5 seconds, and their purification constant by the ion-exchange 
filters is 4 • 10- 5 seconds (the radioactive gases xenon and krypton are not 
subject to purification). The fission products with an activity of less than 
10-5 curies/liter and T1; 2 < l minute are not included in Table 5.15. 

Actually, during o~eration of nuclear power plants with VVER-440 reactors 
the total activity of the fission products in the coolant water is main
tained at a level appreciably below the admissible level (10-20 times below 
it [ 34a]). 

In addition to the fission products in the coolant artificial radionuclides 
appear which are formed as the result of the activation of the nuclei of the 
coolant itself; activation of the nuclei entering into the composition of 
the coolant impurities; activation of the corrosion products of the surfaces 
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inside the reactor core (Tables 5.16, 5,17). In addition, the artificial 
radioactivity of the air occurs·which blows around the mounting gaps of the 
reactor shaft (near the biological shielding of the c.ore where there are 
neutron fluxes which exit from the shielding) (Table 5.18). 

Table 5.15. Calculated Activity of the Fission Products in the Water of the 
Primary Circuit of the VVER-440 Reactors [41] 

(1) j21 .,; 

~;:, 
,r h. 8~ i~ 

i = = I· -= ; ~:2 l1 ,:: = 11:,,: !1 ,.:,,: 
~:' ~ ~:' . :;; 

~:' :i: ;., <2 :x: <2 :x: <::; :c <:: 

'Ii . I 1,5 uzr 1,2 112Sn 3,8 '"Cs 5,7 11Kr 2,0 '
7Nb 1, I 112sb 3,8 '',Ba· 5,7 17Kr • 5,4 '°Zr 5,3 11~re 0,2 .u•na 0, 1 ••Kr 21,2 OONh 5,3 112( 8,3 u•aa 5,2 

'"Rb 21,0 19Mo 0,4 wsb 3,5 141La 3,0 11Kr 4,0 '°'Mo 4, 1 ' 11Te. 3,5 u21:1 3 5,0 
"Rb 4,0 1o•rc 3,9 Ill[ ~3.0 u2La 4,1 ••Rb 5,0 102Mo 3,5 111xe 930,0 u•La 4,6 "Rb 4,5 u2rc 3,5 U4Te 5,2 IO(e · 0, 1 11 Sr 1, 7 101rc 2,6 111( 17,0 "~Ce 3, Ci 12Sr 3,0 aurc 1,4 IUf 33,3 ,upr 1,6 uy 2, I 11osn 1,7 ' 15Xe 123,0 •uce 2,6 11Sr . 5,6 110Sb 1,7 11a I 2,7 u,pr 2,4 uy 1,8 111 Sb 2, I 1nxe 5,6 lltoro. , . 0,1363 Kn/ ••Sr 4,7 u•Te 2, 1 11 •xe 8,3 I\ Tll~I •111c.1e: 
"Y 4,4 IU) 17,5 uses 

I 
12,3 pr;r ••• o, 1 r0J Kn/. 

110.~. , • 0,0114 Kn/ 
npo·mr ... 0,0174 Kn/ 

\ 

JI (314) 
~ (5 6) 
~ (7 

Key: 1. Nuclide 5, RBG ••. curies/liter 
2. Activity, ... curies/liter 6. Iodine ... curies/liter 
3. Total ... curies/liter 
4. Including 

Key to Tables 5.16-5.18: 

1. 
2. 
3. 
4. 
5. 
6 . 
7 . 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

Formation reaction 
Spread of the initial nuclide 
Reaction cross section 
Radiation energy and yield 
. .. MeV 
... -particles per decay 
... seconds 
(for the fission spectrum) 
16% N17 nuclei formed in the 
. .. minutes 
Reaction threshold ... MeV 
. .. hours 
(for thermal neutrons) 
. .. days 
Reaction 

7, Other ... curies/liter 

16 .... of the final nuclide 
17. Element content in the air 
18. Initial nuclide content in 

the natural mixture 
19. . .. years 

water are due to this reaction 
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Table 5.16. Basic Components of Artificial Radionuclides of the Coolant of a Nuclear Reactor 

.. .. { 4 } :?ueprHl1 H BblXOJ( H3.1yqeHtU1 

P:iCRJ)OCTl!-'llell• r,,. Ce'1eH11e ~a"~""• 
~-'laCTlll.\ Er. 

f·KeaH• Puxioa o6paJoNKilll uoc:n, 11cxo;111oro l0"M CK1 
E~. M~B ·1oa Ha .. 11)"-'Ula, % Ha l)aC• M,B pacnal., 

•· 

(1) .. (2) (3) (5) 
rraA, % (5) '}! 6 (6) 

ll(}(n, p)"N• 99,76 7,35c (7 4,6, 10-uz 10.40 28 2,75 1 
(AM cneKTpa ( 8 1 4.39 54, 18 6, 13 69 

- .. \ Ae.ieHHH) 3,32 7,12 .5 
"· . 

nQ(n, p) 17W 3~7.10-• 4,14 c•• . 6,0· lo-10 3,7 100 

..,, 
0 
::::0 

0 
-.:, 
-r, 
c-:, 
s;; -..;J 
-r- + 

11O(n, p) •t() 0,20 29,4c 0,21.10- 4 .. 4,6 42 0,20 96 
3,25 · 58 1,36 54 ubcn, d) UN" 16o/'e SJJtep17 N, 06p33yiom11xcH 

. 8 BOAe, 06H33Hbl 5TOH ( 9 
; peaKlUIH 

(11) IIQ(p, n) 11P 0,204 112 MHH Ilopor peaKUIIH 0,65(/l+) 100 0,51 200 
.. (10) 2,6 /tbB 

c::: nO(p, n) 17F 3,1.10- 1 66 C 
(/.) 

1,75@+) 100 0,51 200 
rr, 

C) 
2 

••Ar(n, y)c'Ar 99,60 110 MHH -.0,53 1,20 99 1,29 9!) 
2,48 0,9 - -

~ 



Table 5.16 (continued) 

I ( 4 ) SHeprRll H a1,1xo.:t 1!3:ly'leHJ!ff 

Pacnpoc,1.,a !leH- ~peaxltR!I l'aJatBII adpalOBaHBH ,.,. I ,_ HOCTI, HCXO.:tHOf'O .o- c,.i> E~. ~B 
~qacnm Ey TOB Ha 

' 11",r'X,'IHAa. o/e Ha pa;" M38 p::cna.:i., 

(l} (2) (3) {5) (6)¾,(5) %( 6) 
11Na (n, y) 1'Na0 100 14 '5T q(l2) 0,56 

. 
1,39 100 1,37 100 •. 

• . (.ztJIII Ten.'10B.blX 2,75 
aeliTpoHOB~ 13 

11M~(n, y)11M: 11,29 9,45 WHH(lO) 0,027 1,75 70 0,83 70 
1,59 30 1,01 30 

• 'Ca(n, y)HCa 2,06 164 cyr(14) 0,67 0,25 100 - -
(n, Yr'Ca a,a.10- 1 4,7 cyr 0,25 1,94 17 1,35 71 

0,66 83 0,83 5 
0,48 5 .. .Ca(n, y)•tCa 0,18 8,8 NRH 1, 10 1,95 89 3, 10 8 

0,9 10 4,05 10 
0,37 0,6 4,68 0,6 

* The most important reactions with respect to they- and neutron-radiation which fully deter
mine the thickness of the coolant shielding (H2O and Na). For organic and gas helium coolants the 
basic sources of activation y-radiation in the coolant are the activated nuclei of the impurities 
and not the coolant itself. 
** The reaction threshold is 10 MeV; the cross section is given as the mean with respect to the 
fission spectrum. 
*** The reaction threshold is 9 MeV; the cross section is given as the mean with respect to the 
fission spectrum. 
**** On decay of N17 , a neutron is emitted with an energy of about 0,9 MeV • 
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Table 5.17. Most Important Reactions of Activation of Impurities and the Products of Corrosion in 
a Coolant 

STAI (n, y) 21Al 
•'AJ(n, p) 27Mg• 

11Mg(n, y)l1Mg 
11Fe(n. y) s•Fe 

lkfe(n, p)MMn 

H.Mn_(n, y) 51Mn 

11Fe(n, p) 51Mn• 2 

PacnpOcTpa• 
HeHIIOCff< 

ACXo.:u,oro 
HyK.111,1.a, 0/e 

(2) 
100 

78,6 

100 

100 

11,29 

0,31 

5,84 
100 

91,68 

\

' r,11 1101ie'l1t0ro J 
11y1t.111.11a 

(16 

14,97 q 

(12) 
14,97 q 

(10) -
2,27 MIIH 

9,45 MIIH 

9,45 MHH 

45, l cyr 
(14) 

291 cyr · 
2,58 q 

2,58 q 

C.,qe111N! pe3t<~Hlf,, 
10-.. cw• 

(3) 

~~
5 

~~2K~~a ( 8)} 
,1te..1eHH!1) 
1,2.10-• 

(JlJIH cneKTpa · 
AeJieHHH) 

0,210 

2,8-10-• } 
(».1111 cneKTpa • 

.1tene111111) 

0,027 

0,98 

13,3 

8,2· 10- 6 } 

( 4 ) 3t1epru11 H ew<o:r. 113.1, qenm, 

£,. t,bB I ~-43CTilll 11a1: E t,t-,B I T-k"ll3llroe ,.,(
5

) paw:r. 01 T, na pacn,l.l., 
_ i.QJ. . ,o ( 5) o/:{ 6) 

1,39 

2,87 

1,75 
1,59 

... 
0,27 
0,46 

. 1,56 

2,81 
1,04 
0,65 

100 

100 

• 70 
30 

56 
54 

0,3 

50 
30 
20 

1,37 
2,75 

1,78 

0,83 
1,01 

1,29 
l, 10 
0, 19 

0,84 

0,85 
1,81 
2, 13 
2,65 
2,98 

100 
100 

100 

70 
30 

43 
57 
3 

100 

100 
29 
20 

1.8 
0,4 

., 
c:, 
:::0 
c:, -,, 
-., 
0 

:t> r-
e:: 
C/) 
f'T1 

c:, 
:z 
r
-< 



Table 5.17 (continued) 

Palala 

(15) 

••Cr (n, "C) 11Cr 
1-CO(n. "C) ' 0Co 
"Nf (n, p) •°Co .. Nf (n, p) 18Co*' 

NI (n, "C) 11Nl 

1K(n, "C) 42K 

Tl(n, T) 11Ti " .. Cu(n, T) 14Cu 

M Zn(n, p) 14Cu•• 

• 
• 
SCu (n, T) •SCu 

'Zr (n, T) "Zr 

PacDJ)OCl'Pa• 
HeHHOCTI,-

ecxo.:rnoro 
K)'llJIIUla, · o/e 

t2') 
4,31 
100 

26, 16 
67,76 

1, 16 

6,91 

5,34 
69, l 

48,89 

31),9 
17,40 

' 

r,,. IIOHe'IROro Ce-leHBe peaxuea, 
II yK. 'lllll,a JQ·M CM' . 

(16) (3) 

27 ,8 C)'T( 14) 13,5 

5,24 n:+ 10 ) 20,0 } 5,24 ne ;' -
71,3 cyr· 0,4 

(.ll.'UJ cneKrpa ( 3} 
AeneHH1f) -

2,56 q (12) 1,52 

12,5 q 1,3 
-

5,8 MR(lO 1 0,14 
12,811 4,3 

l 2,s.10- 2 

12,811 (P..19 cneKrpa 
,11e.1eHHR) 

5, l MRH 1,8 
65 cyr 0,09 

(4l 3Heprll>I H BblXOJt HM)"leHlfll 

T·T<BaRcOB e, M:,8 I ~-'laCTllU Hal E M:,B 
Ha pa~() '( 5) paf~• % 

1
'( 5) % 5 

- - 0,32 9,8 

0.31 100 l, 17 100 
• 1,48 0,01 l ;33 100 

0,48 15 0,81 100 
1,62 0,5 
0,51 30 

2,10 69 1,49 14,5 
l,01 8 I, 11 28,5 

.- 0,60 23 0,37 14,5 

1,51 18,2 
0,32 0,2 

. 
0,32 99,2 
1,34 0.43 
0,51 38 
1,06 9,0 

- 0,36 43 0,76 43 
0,40 55 0,74 55 
0,89 2 0,23 2 

,.,.,_.:,.. • A,.:•. 
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Table 5.17 (continued) 

* 
** 
*** 
**** 

Pacnpc,c:-rpa-

PnJl:O.RR 
He1<t10CTb 

IICX<l.1H0r0 
HyMH.:l.3, ~~ 

... .. . 

• 'Zi'(n, y) 17Zt' - 2,80 

"'Hf(n, y)"1Hf 35,22 

mW(n, y)l11W 0,135 

'"W(n, ypuw 30,6 
11,w (n, y) n1w 28,4 

UITa('l, y)•ura · 99,99 

111Ta (n, y) 111Ta -

• •K (y, n)11 I< 93,3 

R~action threshold 6 MeV. 
Reaction threshold 7,2 MeV. 
Reaction threshold 1.0 MeV. 
Reaction threshold 4.7 MeV. 

T,/, -~'IHOrO 

HJ!K.111,'ll 

. 

17,0 q 

44,6 cyr 

145 cyr 

75,8 cyr 

24,0 • 

115, 1 CyT 

5,0 cyr 

7,7 MHH 

3HeprH>I M BWlO:l JB.,!i~"""" 
Ceqo,rn,e ~aKtlllR, 

. ln·u l"M' Ep l\hB I '·'13CTllll 11,1J £ M,R I l·KBallTOS 
• . Pacn:lA. % l • _ ua racna.1, 

0' .. ,o 

0, 10 I ,91 
I 

90 0,75 96 
10,0 0,41 - - -
10,0 - - 0,004 0,1 

0,14 0,2 
2, 1 0,43 100 - -

34,0 - - - -
19,0 0,51 52 0,10 56 

0,44 33 I, 12 33 
0,36 15 1. 19 · 15 

' 
1,22 28 

17 • JOI 0,62 0,95 0,046 59 
0,053 48 
0,108 44 
0,246 35 .. 

(;n }Ilopor peaKlUfH 10-12 M38 _ 
.. 

' 
' ' 

.,, 
0 
;:o 

0 -,,-, 
:::!J 
C-,. 
~
r-
c= 
(/.) 
rr, 

0 
:z: 
r
·< 
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Table 5.18. Basic Components of the Artificial Radioactivity of the Air of the Mounting Clear
ances of the Reactor 

* 
** 

(4) :!Hepnor H BblXO)l 10:l)'lellJIR .,, .. ,,,.._ l ~•="• Ceorelllle 9.llt:Mt:ll'TOB BCXOl!IOl"O r,,. P~ea B B03.:U 1[ e H YIUlll)la B pea~l-lllll, 
E~. MiB ;3·'13C111U 11:1 E1 , MiB 

T·KBaHTOB 
% ' npRpOJtllOll 10"" c111 

paClla.,'.l, % Ha .pacna.11. 

(15) (17) 1~· % (3) (5) (6) (5) '-( 6) 

"Ar(n. y)'1Ar 1.3 99,60 0,53 110 ~~) 1,20 99 1,29 99 
(7) ·2,48 0.9 

11N(n, y) 'IN \ 75,5 0,365 2,4-I0- 1 7,35 C 10,40 28 6, 13 69 
IIQ(n, p)"N 23,2 99,76 4,6- io- 1 • 7,35 C 4,39 54 7,12 5 

3,32 18 2,75 1 
ITQ(n, p)nN 23,2 0,037 6,0- 10- 1 .. 4, 14 C 3,7 100 - -
22Ne(n, y) 21Ne 0,001 · 8,82 36- 10-• 40,2 C 2,4 1 0,44 33 

3,95 32 1,65 I 
HN(n, 2n) 11N 7,5 99,635 - 10,05 I, 19 100 0,51 · 200 
HN(n, p) 14C 75,5 99,635 - 5568 Jl~9 0, 155 100 - -
uo(n, y)ilQ 23,2 0,204 0,21.10-• 29,4 C 3,25 58 0,20 96 

4,6 42 1,36 54 
uN(n,p) i,c 75,5 0,365 - 2,25 C 4,51 68 5,3 32 

I 8,81 32 

The average cross section with respect to the fission spectrum, reaction threshold 10 MeV. 
The average cross section with respect to the fission spectrum, reaction threshold 9 MeV. 
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Table 5,19. Artificial Radioactivity of the Coolant of a Water-Cooled, 
Water-Moderated Power Reactor [21] 

Radionuclide TI/2 
Specific Activity, milli-

to N17 ) curies/liter (in addition 

Nl6 7,30 sec 100 
Nl7 4.14 sec 800 neutrons/(cm3-sec) 
K38 7,70 min 5 • 10-2 . 
Ar41 1.80 hrs 4 • 10-2 
Fl 8 1.90 hrs 4 • 10-2 
Mn56 2.60 hrs 5 • 10-3 
Na24 14.90 hrs 10-3 
co6o 5,30 yrs 2 • 10-5 
Fe59 45,00 days 10-5 
Tal82 111.00 days 6 • 10-6 

The standard artificial radioactivity of a water coolant, the impurities and 
the corrosion products in the coolant of the water-cooled, water-moderated 
nuclear power reactor is presented in Table 5,19 (see also Table 4.11). 
From Table 5,19 it follows that during operation of a reactor of the water
cooled, water-moderated power reactor type the basic radiation is created by 
the short-lived radionuclides N16 (activation y-radiation) and N17 (neutron
radiation). After shutting down the reactor they-radiation of the radioac
tive corrosion products becomes the basic radiation (co 60 , Fe 59 , and so on). 
The activity of the fission products in the water of a water-cooled, water
moderated power reactor depends on the degree of leakage of the fuel ele
ments and reaches the level of the N16 activity (100 millicuries/liter) in 
case of a 1-percent leak basically (see Table 5,15) as a result of the gases 
(xe 133 , and so on). 

Selection ot the Location of the Reactors 

When selecting the location for a research reactor and a nuclear power plant 
first of all it is necessary to consider the sanitary-hygienic requirements 
providing for the prevention of harmful effects of the nuclear reactor on 
the environment and the local population. 

When selecting the location it is necessary to give preference to the follow
ing sections: a) those located on the leeward side with respect to a popu
lated area, in the low-populated areas with uniform surface relief of the 
earth; b) with deep groundwater so that the highest level of this water will 
be no less than 1.5 meters below the floor of the underground structures in 
which the presence of radioactive fluids is possible; c) well ventilated. 

Before selecting the location a detailed study is made of the hydrometeoro
logical conditions of the area. 
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When placing the production buildings and structures the industrial site 
must be provisionally divided into two zones: "clean" a.rid "dirty." The 
dining room, the administrative and other facilities must be located in the 
clean zone. The placement area must permit the possibility of organization 
of a sanitary protection zone around the research reactor or the nuclear 
power plant. The location of the nuclear power plant must be coordinated 
with the prospective plan for development of the area. 

The size of the sanitary protection zone around the research reactor or the 
nuclear power plant is established in each specific case depending on the 
type, the structural design and the power of the reactor, the calculated 
amount of radioactive discharge, the climatic, meteorological and topo
graphic conditions in the placement area considering the proposed ground 
concentrations of radioactive materials and y-radiation caused by the dis
charge and for the critical installations, considering the possible conse
quences of an emergency and the presence of radiation shielding. 

Here, the limit of the annual dosage of the irradiation of the population 
living in the vicinity of a nuclear power plant must not exceed 0,17 rem.* 
For research reactors the annual dosage is regulated by the NRB-76, that is, 
0.5 rem. 

There can be buildings and structures of an auxiliary or service nature in 
the sanitary protection zone: a fire station, laundry, security facilities, 
garages, warehouses (with the exception of food storage), dining rooms for 
the personnel, administrative service buildings, health stations, repair 
plants, transport structures, technical water supply and sewage, temporary 
auxiliary construction enterprises, and so on. 

The population must not live within the limits of the sanitary protection 
zone. 

The territory of the sanitary protection zone can be used for growing farm 
crops and raising cattle under the condition of mandatory dosimetric moni
toring of the territory and the agricultural crops that are grown. 

Beginning with the annual dosage limit of 170 mrem at the boundary of the 
sanitary protection zone for orientation but without tying it to a specific 
terrain or specific meteorological conditions in the sanitary rules [4] 
maximum daily discharges of the nuclear power plant having a smokestack 100 
meters high are presented (see Table 5.20). The admissible discharge of 
radioactive gases and aerosols and also the height of the smokestack of the 
research reactors and critical installations are determined by calculation. 
The radioactive discharge for the critical installations is possible only in 
the case of spontaneous chain reactions. After the spontaneous chain reac
tion, the ventilation of the assembly box must be automatically disconnected 

* The new sanitary rules for nuclear power plant design provide for a lower 
dosage. 
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(the box is used as a delay gas holder). The subsequent removal of the nu
elides to the atmosphere is done through special filters. 

Table 5.20. Admissible Discharge Limits of a Nuclear Power Plant With a 
Smokestack 100 Meters High [4] 

Nuclides 

Sr90 + Sr8 ~ 
Il31 
Total 8-, y-activation aerosols (T 1; 2 > 24 hrs), excluding 
sr89, sr90 and I131 

Total RBG (krypton, xenon, argon) (T 1; 2 > 10 min) 

Discharge, 
curies/day 

10-3 

0.1 

0.5 
35 • 102 

Note: Table 5.20 shows the values exceeding by 5 times the assumption of 
a one-time discharge of all groups of nuclides. It is assumed under 
the condition that the total discharges for a week will not exceed 
the corresponding calculated values. 

Planning of the Facilities and Organization of Operations 

The basis for the planning of the production buildings and facilities for 
the research reactors and the nuclear power plants is the hygienic principle 
of the division of them depending on the nature of the technological pro
cesses, the equipment and the possible degree of radioactive pollution of 
the facilities in the zones of strict and free operating conditions. 

The entry into the strict regime zone is realized through the sanitary lock 
with mandatory changing of clothes by the personnel. The facilities of th~ 
strict regtme zone, in turn (according to OSP-72), are divided into the un~ 
manned, se~imanned and the facilities with permanent personnel (see Table 
5.6). The control of the reactor and the critical installation must be 
realized remot~ly from a special panel which is located in the free regime 
zone. It te necessary to use the means of automatic extinguishing of a spon
taneous chain reaction~ 

All of the operations with respect to charging and discharging the nuclear 
fuel, the process channels, the radiated samples and other equipment must be 
mechanized and performed remotely using electric cranes, grapples and other 
devices. The observation of the operations must be realized from shielded 
panels equipped with communications and observation means (periscopes, 
shielding glass, remote devices). 

The transportation of the radioactive equipment, the samples, the irradiated 
and spent fuel elements must be done in shielded containers .on special trans
portation. These fuel elements are kept in special tanks equipped with 
shielding, special ventilation and cooling with observation of the nuclear 
safety rules [14]. 
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The seal of the fuel jackets must be monitored continuously on an operating reactor and also on a reactor that is shut down during the planned refueling period using special instruments and equipment. The inspection, cutting and 
grinding of the irradiated fuel elements and other highly radioactive sam
ples extracted from the core or from the equipment of the primary circuit of 
the reactor must be done in a shielded chamber. 

The repair of the radioactive equipment must be performed as follows: 

a) assembly-by-assembly or unit-by-unit with respect to the most frequently failed process equipment; 

b) in special areas or in the repair facilities equipped with ventilation, 
manipulators and other means of remote performance of the operations 
(wrenches, building blocks, and so on); 

c) after preliminary deactivation of the equipment; 

d) using protective transport shields, sanitary locks, specially marked: in
struments, small parts and tanks (packaging) for the waste. 

During performance of the repair operations it is necessary to give attention 
to the prevention of the covert irradiation of personnel, the localization of the radioactive pollution of the facilities and reduction of the radioactive 
discharge into the atmosphere and sewage. The requirements on the water supply, sewage, ventilation, the removal of waste and the sanitary-domestic fa
cilities of the nuclear reactors basically repeat the OSP-72. 

Emergency Situations on Nuclear Reactors 

For the case of an emergency on the reactor or critical installation, a plan 
of action must be developed for the personnel to eliminate the emergency and 
its consequences and also a plan of measures with respect to protection of 
the personnel and the population living adjacent to the reactor. 

For the research reactors and especially for nuclear power plants with reactors with water under pressure or boiling water the most serious can become the emergencies connected with breaking of the lines of the coolant loop of the primary circuit, baring of the core, loss of seal of all of the fuel 
jackets and even partial fusion of the core. The existing technical methods of suppression of this type of emergency by extra dropping of power and in-_ eluding the emergency cooling means (from the reserve water tanks of significant capacity) lower the probability of the reactor emergency with extraordinary consequences. (As is known, during the entire time of existence of the nuclear power reactors, only one emergency has occurred in Great Britain in 1957 which had an insignificant effect on the economic life and health of the population in this area.) 
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For the uranium-water critical installations, the fusion of the core as a 
result of the spontaneous chain reactions has low probability in view of the 
self-extinguishing of the chain reaction after discharge of part of the wa
ter from the core at the time of the spontaneous chain reaction. 

During the operation of the reactor and the critical installation it is nec
essary to have training exercises in order to develop actions to be taken by 
the personnel in emergency situations. The measures with respect to pro
tecting the personnel in case of a,reactor emergency must be developed in 
advance on the basis of the design data and technical specifications with 
respect to the possible emergencies and their scales for each power or re
search reactor and critical installation. 

When planning measures with respect to the protection of the population it is 
necessary to be guided by the "Temporary Procedural Instructions for the De
velopment of Measures To Protect the Population in Case of a Nuclear Reactor 
Emergency" (No 872/1-70) [26]. 

The basic factors of the radiation effect on the population in case of a nu
clear reactor emergency are the 13- and y-radiation of the fission·products. 
The contribution to the dosage of a-radiators (on intake of radioactive ma
terials into the organism) is negligibly small and can be ignored (if as a 
result of the peculiarities of the reactor there is no discharge of signifi
cant a.mounts of plutonium). On entry of only RBG (krypton and xenon) into 
the external environment the radiation danger arises from one external ir
radiation on passage of a radioactive cloud. 

In the case of discharge of a mixture of fission products it is most probable 
that the basic component primarily causing the greatest danger of internal 
irradiation is r131 , especially in the first several weeks after the emer
gency. 

The radiation situation in the territory surrounding the reactor undergoing 
an emergency and the degree of radiation danger for the population arise from 
the a.mount and the radionuclide composition of the radioactive materials dis
charged into the external environment, the distance from the source of the 
emergency discharge to the populated areas, the nature of their construction 
and the density of the population, the meteorological, hydrologic and soil 
char'acteristics of the territory, the meteorological conditions at the time 
of the emergency, the time of year, the nature of the agricultural use of the 
territory, the water supply and the food for the population. 

As a result of emergency discharge into the atmosphere the following types of 
radiation effects on the· population are possible (in order of priority): 

a) the external irradiation on passage of the radioactive cloud; 

b) internal irradiation as a result of inhalation of radioactive fission 
products; 
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c) contact irradiation as a result of the radioactive contamination of the 
skin and. clothing; 

d) external irradiation caused by the radioactive contamination of the 
earth's surface, buildings, structures, and so on; 

e) internal irradiation as a result of the consumption of contaminated food 
products and water. 

Depending on the developed situation for the protection of the population 
from the radiation effects, the following measures can be used: 

a) the restriction of the presence of population in the open terrain (cover 
in houses and shelters); 

b) maximum possible sealing of the residential and service facilities (tight 
closing of doors, windows, smokestacks and ventilation openings) during the 
formation of the radioactive pollution of the territory; 

c) the application of medicines preventing the accumulation of biologically 
dangerous radionuclides in the organism (for example, iodine prophylactic~
preparations of stable iodine taken internally); 

d) temporary evacuation of the population;. 

e) sanitary processing of the people in case of contamination of their 
clothing and skin with radioactive materials; 

f) the simplest processing of the food products, surfaces contaminated with 
radioactive materials (washing, removal of the surface layer, and so on); 

g) exclusion or limitation of the use of contaminated food products for eat
ing; 

h) transfer of milk-producing cattle to uncontaminated pastures or to uncon
taminated feeds. 

The plan for the population protection measures, as a rule, must be provided 
for in three steps which depend on the times of their realization. 

First Step. The basic problem of the first step which lasts several hours 
(not more than 24 hours) from the time of establishment of the fact of an 
emergency is extraneous estimation of the radiation situation and the ex
pected scale of the emergency for determination and performance of the pri
mary measures aimed at protecting the population. 

The first step must provide for the following: 

a) extraneous estimation of the radiation situation and scales of the emer
gency; 
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b) information of the interested organizations and people (including the co
ordinated plans for emergency measures) of the fact of an emergency and ex
pected scale~. o,f it; 

c) calling up the emergency brigade personnel; 

d) the performance of measures to eliminate the emergency and prevent the 
influx of radioactive materials into the external environment with simulta~ 
neous cessation of all operations not connected with these measures; 

e) warning of the population in case of necessity to implement safety meas
ures connected with the participation of the population. 

The plan for the emergency measures is put into operation after receiving 
the emergency signal, extraneous checking of it and confirmation. This plan 
is put into effect by the person responsible for elimination of the conse
quences of the emergency. The signal of an emergency is the report by the 
duty operator of the reactor or any other person who detects a situation 
which he considers as an emergency. The presence of this type of signal 
must be immediately reported by the chief of the dosimetry service for the 
project or the person replacing him at the given time. 

For extraneous estimation of the radiation situation, the following minimum 
volume of information is required: the quantitative-nuclide composition of 
the radioactive products discharged from the reactor at the time of the 
emergency, the nature of the emergency, the means and the duration of the 
discharge of radioactive materials into the external environment, the coef
ficients (percentage) release of radioactive iodine isotopes from the reac~ 
tor core with respect to the worst possible conditions, the meteorological 
conditions at the time of the emergency: the direction and force of the 
wind at the discharge altitude, the weather conditions (all of these data 
are expedient to have in the emergency plan in the form of the nomograms 
previously ,calculated by the worst possible conditions). 

The dosimetric measurements in the terrain used for extraneous estimation of 
the danger ,are carried out for more precise definition of the results of the 
preliminarily performed calculations in the emergency pl~n. These include: 
measurement of they-radiation level at the previously selected points in 
the terrain at various distances and in equal directions from the reactor; 
analysis of the radioactivity of the air; measurement of the density of the 
pollution of the surface of the territory. The routes followed by the mo
bile dosimetric groups, the points and procedures for performing the measure
ments are provided for in advance by the emergency plan. 

Note: The studies in the terrain can be limited only to measurements of the 
y-radiation levels in the case where there are reliable data that in 
the composition of the emergency discharge there are in practice no 
radionuclides except the RBG isotopes. 
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When performing the extraneous emergency dosimetric examination of the ter
ritory, especially in the absence of a portable y-spectrometer, samples are 
taken of the objects of the external environment for laboratory studies 
which are performed on the second level of implementation of the emergency 
plan. 

Note: When selecting the measurement points it is necessary to consider 
that in the case of discharge through a smokestack 60-100 meters high 
the maximum air pollution and pollution of the territory will occur, 
as a rule, at a distance of 0.5-2 km from the smokestack; for dis
charges at ground level the maximum pollution will be directly at the 
discharge point. 

On the basis of the calculated data and the results of the direct measure
ments in the terrain, measures must be taken to protect the population from 
external and internal irradiation, including the preventive use of stable 
iodine. The people who, according to the preliminary estimates, have re
ceived an irradiation dosage over the entire body, more than 100 rads, or can 
receive a dosage of more than 400 rads (for an adult) or 200 rads (for a 
child) in the thyroid gland (as a result of internal intake of r131 ), must 
be sent for hospital examination to a specialized hospital. 

Second Step. The goal of the second step which lasts several days (to 7 
days) after the time of detection of the emergency is more precise deter
mination of the radiation situation and the taking of additional safety 
measures for the population besides those which were implemented in the 
first step. 

Third Step. The third step is the transition from the emergency state to 
normal with gradual revoking of the emergency restrictions. In the third 
step the irradiation doses of individual people from the population are more 
precisely determined, the degree of pollution of food products is more pre
cisely determined, and recommendations are generated with respect to their 
use and also the use of the agricultural lands. 

The criterion for making urgent decisions with respect to the measures to 
protect the population indude the predicted levels of external and internal 
irradiation (Table 5.21). An estimation of the dosage as a result of in
halation of iodine is made for children up to 1 year old, but on implementa
tion of the protection measures, the children's group includes all people 
under 16 years of age and also pregnant women and nursing mothers. 

For extraneous estimation of the irradiation dosage of the thyroid gland it 
is convenient to use the nomogram (see Figure 5.1) which includes a combina
tion of the most unfavorable factors: a) instantaneous discharge into the 
atmosphere; b) discharge at ground level (h = O); c) unfavorable conditions 
of atmospheric diffusion: wind velocity U = l m/sec, rate of settling of 
the aerosols Vg = 1 cm/sec, Sutton coefficients n = 0.5, Cy= o.40, Cz = 
0.07; the dilution factors: at a distance of 1 km, 2 • 103 m3/sec, at a 
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distance of 10 km, 105 m3/sec, 
Section 5,6 for more details). 
dosage if these conditions are 

at a distance of 100 km, 4 • 106 m3/sec (see 
The nomogram has a significant increase in 

more favorable. 

Table 5.21. Urgent Protection Measures as a Function of the Expected Total 
Zone of External and Internal Irradiation of the Population* 
[26] 

Protection Measures 

Evacuation 
Temporary shelter in the facili
ties; limitation of presence in 
the open areas; deactivation of 
skin and clothing; limitation 
of the consumption of contami
nated products 

The above-indicated measures for 
population protection are not 
required 

Total Ex-
posure Dos-
age of Gen-
eral Exter-
nal Irradi-
at ion, rads 

~75 

75-25 

<25 

Level of 
Contamina-
tion in Total Absorp-
Case of tion of Dosage 
Contact as Result of In-
Irradia- halation of Ra-
tion of dioactive Io-
Skin, dine 2** 
particles/ Child-
(min-cm2 ) Adults ren 

~450 ~225 

450-150 225-75 

<l • 105 <150 <75 

* The preventive use of stable iodine is carried out in all cases of possi
ble irradiation of the thyroid gland. 
** The internal irradiation doses on inhalation are determined by the esti
mated (predicted) levels of radioactive contamination of the external envi~ 
ronment. 

More exact calculations with respect to the actual data on the discharge rate 
and the meteorological conditions at the time of the emergency can be made 
using the calculation formulas of Section 5.6. 

Figure 2 shows the discharge of I 131 and the distance from the reactor on 
the x and y axes. The dotted curves mean a dosage of 25 rads in the open at 
an altitude of 1 meter from the earth's surface created by the RBG and halo
gen y-radiation on passage of the cloud. The gas yield from the core is as
sumed to be 100 percent, and r131 , either 1 or 10 percent. The solid curves 
give the value of the same y-radiation dosage in the open air at an altitude 
of 1 meter from the earth's surface as a result of the radioactive iodine 
isotopes falling out in the territory. The curves correspond to accumula
tion of the dosage for 6 and 12 hours, 1 and 4 days and an infinitely long 
time reckoned from the discharge time. 
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Figure 5.1. Radiation dosage of the thyroid gland of adults and children as 
a function of the r131 discharge and the distance from the re~ 
actor (solid curves--children up to l year old; dotted curves-
adults). 

Rules for Insuring Nuclear Safety of Operations on Critical Installations 
(PBYa-02-73) 

The safety of operations on the critical installations depends on the profes
sional qualifications and discipline of the personnel, the technical improve
ment of the critical installation and the organization of work. In addition, 
the nuclear safety is insured by technical means: reliability of the struc
tural elements and carefulness of execution of all of the components and 
parts of the critical installation, reliability of the functioning of the 
protection and control systems, the restrictions on the speed and magnitude 
of the introduced reactivity. 

All of the components of the critical installation must have reliable fasten
ings. The installation must be equipped with the control and safety system 
(SUZ), the measuring and control instruments (KIP), the signal system and the 
dosimetric monitoring system (SDK). 

The intensity of the chain reaction during the process of reaching the criti
cal state and at any power level must be controlled as a minimum by three in
dependent channels: two channels for measuring the power level (recording 
the neutrons) with output to indicating instruments, to a recording instru
ment and sound indicator and the channel for measuring the buildup rate of 
the power (or measuring the reactivity). 

The emergency shielding (AZ) must provide for automatic fast, reliable extin
guishing of the process in the critical installation in the following cases: 
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on exceeding the given power level; on exceeding the given buildup rate of 
the power; on disappearance of voltage in the electric power circuits; on 
failure of any two of the AZ devices; in the case of nonoperating position 
of the switch of any of the AZ devices. 
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Figure 5.2. External y-radiation in a dosage of 25 rads from a radioactive 
cloud (dotted curves) and the iodine isotope falling on the 
surface of the earth (solid curves) as a function of the dis
tance from the reactor, the time since the time of radioactive 
discharge and the discharge of the iodine isotopes from the 
core. 

Depending on the type of critical installation, other signals can be input 
to the AZ: the signals from the KIP, the dosimetric monitoring instruments, 
blocking instruments (from a rise in level of the moderator, a change in 
temperature or pressure, an increase in intensity of they-radiation, and so 
on). 

The AZ must have no less than two groups of servoelements, independently 
and automatically going into operation on appearance of any emergency signal. 
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The number and location of the AZ servoelements must be such that the effec
tiveness of all of the AZ groups without any one group will be no less than 
$.* The time in which the AZ groups without any one group will introduce 
negative reactivity no less than S must be no more than 1 second. The rate 
of increase of reactivity on startup of the AZ servoelements with a weight 
of more than 0.3 8 must not exceed 0.07 S/sec, 

The safety and control system of the critical installation must insure re
mote control of the chain reaction from the control panel. The control is 
realized by any regulators or compensating remotely controlled devices: ab
sorbing rods, drums, lattices, moving fuel elements, the parts of the neu
tron reflector, attachments that change the level of the moderator, and. so 
on. 

The total effectiveness of all of the regulators must be within the limits 
covered by the emergency shielding. The effectiveness of one or several 
regulators operating simultaneously must not exceed 0.7 $. The rate of in
crease in reactivity by the regulators must not exceed 0.07 8/sec. The com
pensating element (KO) which is the remotely controlled device for suppres
sion of excess reactivity in the case where the regulators are not properly 
adjusted must insure a rate of increase in reactivity of no more than 0.03 
8/ sec. 

From the PBYa-02-73 it follows that in order to insure nuclear safety it is 
necessary to insure the following conditions [40]: 

1) continuous mutual monitoring of the personnel when performing all opera
tions connected with variation in core composition; clearly issue and exe
cute commands; 

2) switch on the measuring and control equipment and withdraw the AZ rods if 
it is necessary to change the core composition in the presence of more than 
one-fourth of critical mass in it; 

3) not permit an increase in power of the critical assembly by a doubling 
period of less than 6 seconds. 

* The $-proportion of the delaying neutrons in the general case (v) of fis
sion neutrons (for u235 ~ 2.4 neutrons/fission, and 8 ~ 0.0064) is used to 
estimate the reactivity of the critical installation. The reactivity pis 
determined by the deviation of the effective neutron-breeding factor Keff 
from one: p = Keff - 1, where Keff is the ratio of the number of neutrons 
of the i-th generation to the number of neutrons of the (i - 1)-th genera
tion. If Keff < 1, then the system is subcritical, for the chain reaction 
damps; if Keff = 1, then the number of neutrons in the system remains in
variant, and it is called critical; if Keff > 1, the speed of the chain re
action increases exponentially, that is, the supercritical state occurs. 
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For exampl~, during operation of the critical installation in the zero power 
reactor mode when in the process of an experiment the configuration and com
position of the installation do not change, the variation reactivity is com
pensated for by the regulation elements in view of the possible indetermina
cies, the reserve reactivity must not exceed p = 0,7 S, that is, for the in
stallations with u235 , Keff ~ 1 + 0.7 • 0.0064 = 1.00448. 

The reactivity reserve includes its variation which can occur as a result of 
the engagement of the regulation and compensation elements for variation of 
the assembiy temperature or as a result of personnel errors when changing 
the configuration and composition of the core or reflector. 

5.5. Sanitary Rules for the Location and Operation of Charged-Particle Ac
celerators 

The sanitary rules for accelerators are at the present time in the stage of 
reexamination and reapproval. 

The high-energy proton .accelerators include nonlinear accelerators, phaso
trons (synchrocyclotrons), synchrophasotrons, betatrons, and so on. The fac
tors of the radiation effect of the high-energy (more than 100 MeV) proton 
accelerators are as follows: 

a) the billlches of high-energy nucleons withdrawn from the accelerator; 

b) the scattered neutron-radiation from the targets and parts of the struc
tural elements subjected to the effect of an accelerated particle beam and 
also the walls and the objects located in the accelerator room; 

c) the high-energy y-quanta formed during the nuclear interactions; 

d) the meson beam; 

e) the induced artificial radioactivity of the parts and components of the 
accelerator and the surrounding devices; 

f) the induced activity of the air and the radioactive aerosols in the fa
cilities wnere the extracted beams pass. 

The extracted beams and scattered neutron-radiation create the greatest dan
ger during operation of the accelerators. After the accelerator is switched 
off, the primary danger is the induced artificial radioactivity, the level 
of which depends on the operating mode of the accelerator and a number of 
other things. 

The location of the high-energy accelerators is permitted in a specially set 
aside territory, outside populated areas, with the organization of the sani
tary protection zone according to the NRB-76 requirements. 
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The internal planning and location of the equipment and also the calculation 
of the shielding must correspond to OSP-72, The entrance to a facility with 
high-level radiation (accelerator room, and so on) is made through protective 
labyrinths or doors having blocking and signaling to exclude accidental entry 
or the presence of personnel in the room when the accelerator is operating. 

The monitoring and control of the operation of the accelerator must be real
ized remotely from a panel located behind shielding or from a special build
ing. The repair work on the accelerator is done after decay of the short
lived nuclides of the artificial radioactivity of the equipment and the ra
dioactivity in the air. 

The neutron yield from the target of the accelerator is determined by the 
proton flux, the inelastic scattering cross section of the protons, the 
average neutron output for one inelastic interaction and the number of nu
clei in the target usually of a thickness much less than the drift of the 
protons in it. 

Table 5.22. Neutron Flux Density (neutrons/m2-sec) at a Distance of 1 Meter 
From the Accelerator Target 1 g/cm2 Thick on Which 103 Protons 
Are Incident Per Second [42] 

(1 
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100 1,6 1,5 I, I o.8 I 0,5 0,4 0,8 1,2 3, I 3,5 
200 2,7 3,0 2,5 1,8 I, 7 0,4 0,9 1,5 3,5 3,8 
300 4,5 6, 2 5,2 4, I 4,0 0,4 0,9 1,7 3,7 4, I 
400 6,5 10,2 8,8 7, I 7,2 0,4 1,0 1,9 4, I 4,5 
500 8,4 14,4 13,3 10,9 11,2 0,4 1,0 2,0 4,6 5, I 
600 11,0 21,0 I 9, 3 17,0 17,0 0,4 1,0 2, I 5,3 5,7 
700 13,6 29, I 27,0 25, I 24,5 fJ' 4 I, I 2,2 5,7 6,2 
800 - - - - - 0,4 I, I 2,3 6, I 6,7 

1000 - - - - - 0,4 I ,I 2,5 6,7 7,3 
1200 - - - - - 0,4 1,2 2,6 7,0 7,9 
1400 - - - - - 0,4 1,3 2,8 7,4 8,4 
1600 - - - - - 0,4 1,3 2,9 7,7 8,7 
1800 - - - - - 0,4 1,4 3,0 8,4 9,2 

Key: 1. Proton energy, MeV 
2. Neutron flux density with E > 20 MeV in the direction of motion of 

the protons 
3, Neutron flux density with E = 0-20 MeV 

The values of the neutron flux density at a distance of 1 meter from the 
target 1 ~/cm2 thick on which 1,000 protons fall per second with different 
ener["s are presented in Table 5.22 [42]. 

For neutrons with an energy to 20 MeV, the spatial distribution can be con
sidered isotropic; therefore their flux density, depending on the distance, 
decreases proportionally to the geometric factor of l/4nR2 , where R is the 
distance from the target. 
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The attenuation of the broad neutron beam which is incident perpendicular to 
the shielding plane is proportional to the factor 1.3 • E exp(-x/A), where x 
is the thickness of the shielding; A is the length of the attenuation (re
laxation) of the neutrons with an energy of more than 20 MeV in the various 
materials (see Section 1.4); Eis the correction for the neutron attenuation 
with an energy to 29 MeV. For ordinary concrete E % 1.5, A% 42-61 cm in 
the energy range of the protons incident on the target from 170 to 660 MeV 
[ 42]. 

For accelerators with a proton energy of more than 1 GeV, in addition to the 
neutrons it is necessary to consider the secondary protons and the charged 
n-mesons which are formed in signiftcant number and have to a high degree an 
influence on the selection of the shielding thickness. 

5.6. Allowable Limits for Discharge of Radioactive Products Into the Atmo
sphere by lndustrial Enterprises and Nuclear Power Plants 

The maximwn admissible discharges into the atmosphere must be established 
for each enterprise which is a source of radioactive pollution of atmo
spheric air. The amounts of the discharges and the sizes of the sanitary 
protection zone can be calculated on the basis of observing the NRB-76 and. 
other norms and rules using the data on the meteorological conditions, the 
location of populated areas, the nature of the agricultural production, the 
peculiarities of the eating of the population in the vicinity of the enter
prise: the direct measurements of they background levels in the field, the 
radionuclide content in the soil, plants, farm animals, milk, food products 
and the organism of man could give a direct value of the dosage of the ex~ 
ternal and internal irradiation in the vicinity of the enterprise. However, 
with negligibly small values of the radioactive pollution of the external 
environment caused by such enterprises as nuclear power plants, such meas
urements are complicated as a result of the fluctuations of- the natural ra
diation background and the global fallout. 

At the present time use is being made of several methods of calculating the 
PD of the external and internal irradiation of people from a limited segment 
of the population (individual doses) and groups of population (collective 
doses) with respect to the values of the radioactive discharges. For esti
mates of the doses, the calculated values of the concentrations of the radio
active products in the atmosphere are used. The methods of calculating these 
concentrations are based on calculating the degree of scattering (or the di
lution factors) of the discharged radionuclides by the formulas for turbulent 
diffusion .of the impurities in the air. 

They-radiation dosage can be calculated by the mean annual RBG concentra
tion (see Table 5.5) and the short-lived radioactive aerosols in the ground 
layer of the air and they-radiation of the nuclides settling in the terrain. 
The dosa~e of the internal irradiation is determined by the concentration of 
radioactive aerosols and vapor (for example, iodine and tritium isotopes) in 
the air and by the radionuclide content in the food and drinking water . 
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Independently of the formulas used to calculate the ground concentration, it 
is necessary to know the following parameters: the height of the discharge 
(the height of the smokestack), the vol1une of gas and air mixture discharged 
from the smokestack, the direction and velocity of the wind, the recurrence 
frequency of the direction and velocity of the wind, the stability category 
of the weather conditions, the temperature gradient of the lower layers of 
the atmosphere, the speed of gravitational settling of the radioactive mate
rials, the radioactive decay rate, and so on. 

As a result of turbulence, the gas puffs (aerosol puffs) discharged into the 
atmosphere or the continuously emitted stream expands, and the concentration 
of the radioactive impurities would decrease. 

The distribution of the particle concentration in the directions transverse 
to the movement of the jet (puff), as was established by numerous experi
ments, is close to normal (gaussian). In the general case the stream has 
the form of a cone. The most general expression for the mean ground concen
tration X from a continuous source raised above the level of the earth to a 
height his given by the formula [43] 

[ ( 
y2 1,2 \ ] . 

exp - 211 2
11 

+211z2) ' 
( 5. 3) 

where Q is the power of the source (the rate of discharge), curies/sec; U is 
the average wind velocity, m/sec; cry, Gz are the dispersion coefficients of 
the gaussian distribution or turbulent diffusion in the directions transverse 
to the wind (horizontal y and vertical z), meters. 

Before 1961 broad use was made of the formulas for the averaging of the dif
fusion coefficient proposed by Sutton [43]: 

o• =-I-cs x2-n, o' ___ 1_c1 X'-n 
II 2 Y ' z-- 2 Z t 

(5.4) 

where Xis the distance from the location of the discharge in the wind direc
tion; Cy, Cz are the dimensionless virtual coefficients of turbulent diffu
sion; n is the dimensionless coefficient connected with the atmospheric sta
bility. 

The atmospheric stability was connected with the wind profile with respect 
to altitude z1 and Z2 and the coefficient n was determined from the expres
sion 

( 5. 5) 

The coefficient n approaches the maximum value equal to one under stable 
weather conditions, and it approaches zero for strongly turbulent air fluxes. 
Considering these coefficients, the formula (5.2) assumes the form 
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(5.6) 

The magnitude of the ground concentration at the point of its maxi.lawn value 
is determined by the formula 

- - 2 Xmax - 2Q/e1rUh. (5.7) 

The Sutton coefficients were widely used in prac\ice and coincide well with 
the meas~rements to differences of several kilometers for the neutral and 
unstable weather conditions. For stable conditions, the calculation by the 
Sutton formulas can give high ground concentrations. 

The values of the virtual Sutton coefficients defined experimentally for 
smoke at a height of h = 110 meters and a measurement of the Ar41 discharge 
from the Brookhaven reactor are presented in Table 5,23. It is obvious that 
for stable conditions n = 0,57; Cy# Cz and the Sutton formulas have low 
suitability. 

Table 5,23. Virtual Sutton Coefficients [43] 

n Cl/ Cz 

II 
n Cy Cz 

0, 15 '0,48 0,50 
II 

0,18 0,54 0,32 
0,26 0,44 0,3R 0,57 0,,11 <J),C,8 

Table 5.24. Coefficients Cz for Neutral and Unstable Atmosphere [43] 

Wind Wind 
Velocity, Neutral Unstable Velocity, Neutral Unstable 
m/sec Atmosphere Atmosphere m/sec Atmosphere Atmosphere 

1.0 0.15 0.30 7,5 0.115 0.25 
2.5 0.14 0.28 10.5 0.110 0.24 
5.0 0.12 0.26 15.0 0.100 0.23 

The values of the virtual Sutton coefficients assumed in Hanford for a neu
tral and µnstable atmosphere are presented in Table 5,24 [43]. 

On the basis of the latest experimental data with respect to artificial smoke 
obtained in Great Britain and the United States, Paskuil and then Bitti and 
Gifford [h3] used empirical corrections connected with the categories of the 
weather conditions for estimating the ground concentrations. These correc
tions offered the possibility of calculating the values of the coefficients 
cry and Oz at distances from 102 to 10 5 meters from the smokestack for six 
(A-F) conditions of weather stability for short-term discharges. 

The weather category is found by the wind velocity and visually by the day 
insolation (stronr,, moderate, weak), and for night conditions, by the number 
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of clouds. The values of the coefficients oy and Oz in the form of a family 
of curves (Figures 5.3-5,5) are presented in many handbooks, incl~ding the 
MAGATE recommendations, and they are widely used in various countries of the 
world frequently without estimating their suitability for these countries. 
The inaccuracy in the selection of the category of weather conditions can 
give a difference in values of oy and Oz by an order. 
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Figure 5.3. Standard deviation oy of the transverse distribution of the 
concentration x as a function of the distance x to the con
tinuous source of radioactive discharges and the weather sta
bility categories. 

Using expression cre ~ oy/x (for small values of 0) in which oe is the stand
ard deviation of the horizontal wind direction, it is possible to relate oe 
to the width of the stream. This is convenient in practice, for it is suf
ficient to measure the mean (in 30 minutes) variations of the angle 0 of the 
wind directions in the horizontal plane using the simplest rhumbanemometer 
and by them to calculate oe. The weather stability categories according to 
Paskuil are related to 00 (Table 5.25). 

The conditions Dare used for continuous cloudiness day or night. The worst 
weather conditions (category F) occur, for example, at night in the presence 
of clouds covering no less than three-eighths of the sky and for a wind ve
locity of about 2 m/sec. 

97 

~OR OFFICIAL USE ONLY 



roR OFFICIAL USE m!LY 

--~-
-::: 

--·--+--+-H--H H-t---+--+--1--+ 

Figure 5.4. St~ndard deviation Oz of the vertical distribution of the con
centration x as a function of the distance x to the continuous 
source of radioactive discharges and the weather stability cat
egories. 

In Table 5.26 we have the relation between the stability category and the 
weather conditions (the average wind velocity and the characteristic of the 
radiation balance). 

For positiye dhicharges on the order of several months or a year, it is nec
essary to introduce a correction into equation (5.3) for averaging the wind 
velocity during a prolonged period and for the average wind direction (the 
wind rose).• This is achieved by introducing the following factor into equa
tion ( 5,. 3) .: 

9.• Olf / ( 2nx/n), 

where f is the frequency of the wind direction in a given sector (usually a 
circle is divided into n = 8 sectors with an angle of 45° each, and 2Trx/n is 
the width pf a sector). 

Then equation (5.3) assumes the form 

~ ( 2 )1/2 0,01/Q I I . ,c = . -:-- , _ . . . exp (- h /2o ,). 
n . ,p (tnx n) 

(5.8) 

In a.ddition to this correction, in a number of cases it is necessary to con
sider the radioactive decay during the time of motion of a cloud to the 
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point x from the discharge point [the factor exp(-Ax/U)], and for the aero
sol particles and halogens, their fallout (formation of smoke) from the 
stream during movement in the atmosphere [the factor exp(-A/U), where A= 
VgX/d, Vg is the rate at which the impurity settles, dis the diameter of the stream] . 
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Figure 5.5. Normalized average ground concentration of x for the effective 
height of the source hx = 100 meters as a function of the dis
tance to the source of radioactive discharge and the weather 
stability categories. 

Table 5.25. Standard Deviation 00 as a Function of the Weather Stability 
Category 

Stability Group 

A--Strong instability 
B--Moderate instability 
C--Weak instability 

00, deg Stability Group , 00, deg 

25.0 
20.0 
15.0 

D--Neutral conditions 
E--Weak stability 
F--Stability 

10.0 
5.0 
2.5 

Table 5.26. Relation of the Type of Turbulence to the Weather Conditions 

Ground Velocity of Wind, m/sec 
<2 2 4 6 >6 

Day insolation: 
Strong* A A-B B C C Moderate A-B B B-C C-D D 
Weak** B C C D D 

Nir,ht conditions: 
Thin continuous clouds, 4/8 force 
cloudiness*** E D D D 3/8 force cloudiness E D D 
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Footnotes to Table 5.26: 

* Strong insolation corresponds to a sun height of more than 60° above 
the horizon with a clear sky. 
** Weak insolation corresponds to a sun height from 15 to 35° above the 
horizon with a clear sky. 
*** Declare of cloudiness is determined as the part of the sky above the 
local visible horizon covered with clouds. 

In addition, a correction is introduced to the time averaging on transition 
from the values of the meteorological parameters measured in short-term in
tervals (on the order of 0.5 tq 1 hour) to the intervals of longer duration 
[the factor (t 1/t2 ) 0 • 2 , where t 1 and t 2 are the averaging periods of the 
meteorological data]. 

In the paper by Ye. N. Teverovskiy [44], a simpler procedure is proposed for 
calculating the ground concentration at the point of its maximum value at a 
distance of 10-20 heights of the smokestack. In this paper, the same basic 
ideas of the theory of turbulent diffusion of an impurity in the atmosphere 
were used (gaussian distribution, the Sutton model). For various areas in 
the USSR values of the so-called minimum dilution factors can be calculated. 
By the dilution factor we mean the value of 

P = Q/x' (5.9) 

where Q is the power of the discharge, curies/sec; xis the ground concen
tration, curies/m3. 

The mean annual minimum dilution factor for trace and long-lived impurities 
is given by the formula 
- 3. 
Pmin = h2'N!Ir/(Aan/n 0 ), (5.10) 

where his the geometric height of the smokestack, meters; V = 0.25~D2W0 is 
the volume of the gas and air mixture discharged from the smokestack, m3/sec; w0 is the mean discharge velocity, m/sec; Dis the diameter of the mouth of 
the smokestack, meters; ~Tis the mean annual temperature difference of the 
discharged gases and the surrounding atmosphere at 1300 hours local time; A 
is the turbulent mixing parameter, deg 1/ 3 • sec 2/ 3; n/no is the elongation 
index of the wind rose; a is the temporary averaging coefficient proportional 
to the ratio (t 1/t 2) 0 • 2 , and t1 and t2 are the corresponding averaging peri
ods of the imbalanced coefficients P. 

For a circular wind rose a= Pdn/Pyr = 1/13, where Pdil is the dilution fac
tor calculated by measuring the meteorological parameters for 20-30 minutes. 

According to the data of [44], the concentration differing from the maximum 
concentration by no more than 30 percent is observed at a distance of 40 
heights of the smokestack. 
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The calculated values of the mean annual minimum dilution factor Pmin above 
level terrain for different climatic zones of the USSR and the parameters A, 
n/n0 and distances to 20 km are presented in Table 5,27, These coefficients 
are presented as applied to the discharges of the gas and air mixture of the 
nuclear power plant with standard values: V = 10 5 m3/hr • 30 m3/sec, ~T = 
10° C (summer), Udangerous = 1 m/sec--the so-called dangerous wind velocity 
for which the variation in height of the discharge as a result of the thermal 
and dynamic lift of the stream is compensated for most effectively by varia
tion of the longitudinal dispersion 

Udangerous = 0.65/v~T/h. (5.11) 

The use of expression (5,9) and Table 5,27 permits fast, simple approximate 
estimation of the possible ground concentrations in the various climatic 
zones of the country. The parameter A is taken for unfavorable meteorologi
cal conditions where intense vertical turbulent exchange takes place, and 
the ground concentration reaches the maximum value. However, the more exact 
calculations by formula (5.10) require a detailed representation of the me
teorological conditions at the location of the enterprise. 

Table 5.27. Calculated Values of the Mean Annual Minimum Dilution Factor 
- 3 4 Pmin' m /sec (4 ] 

Climatic Zone 

1. Central part of the European territory 
of the USSR 

2. North, northwest of the European ter
ritory of the USSR, central Po~ 
volzh'ye, the Urals, the Ukraine 

3. Lower Povolzh'ye, Northern Caucasus, 
northern part of Siberia 

4. Kazakhsta.~, Central Asia, Central 
Siberia (Omskaya, Novosibirskaya, 
Kemerovskaya oblasts) 

5. Northeastern Siberia (Chukotsk, Kam
chatka), Central Siberia (Krasno
yarskiy Kray, Yakutskaya ASSR) 

Parame
ter A 

0.12 

0.16 

0.20 

0.20 

0.20 

2:1 3:1 4:1 

35Oh2 

21Oh2 

1O6h2 

In expression (5.10) when necessary the following corrections must be intro
duced: 

a) for radioactive decay of the short-lived radionuclides during the time of 
movement [the factor exp(-Ax/U)]; 

b) for the process of deposition and washing out of the impurity [the factor 
exp(-VgX/dU)]; 
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c) for multiplying Pmin by 1. 5-3 times with a wind velocity greater than 
Udangerous • 

For cold gases ~T = 0: 

Pmin = h4/ 3/(n/no)ad, m3/sec; d = D/8V = 1/7.1/w'ov. 

For one-time .(short-term) discharges ~T = O, n/n 0 = 1 and a. = 1: 

pone time= h4/3/Ad, m3/sec. 
min · 

(5.12) 

( 5. 13:) 

In order to estimate they-radiation dosage with continuous irradiation of 
the people located in the vicinity of the maximum ground concentration of 
the radioactive materials in the air, it is possible to use the following 
formula [~der the assumption that the stream occupies an infinite half
space in the indicated area (see Chapter 6), which leads to some increase in 
the dosage]: 

( 5. 14) 

where Q is the mean annual discharge rate, curies/sec; Pmin is the mean an
nual minimum dilution factor, m3/sec; 6t is the irradiation period equal to 
1 year; 20h is the distance (approximate) to the point of maximum concentra
tion, meters. 

They-radiation dosage from the nuclides falling on the earth can be calcu
lated by the formula for estimating the dosage above the contaminated sur
face. 

Usually a .study is made of the contaminated disk with a radius R = 1 meter 
and the doi?age on it at a height H (usually H = 1 meter) (see Chapter 6). 
The formula for calculating the dosage at the point of maximum concentration 
is as follows: 

where A= o.~R 2 is the total activity of the nuclide on the disk; o is the 
mean annual density of the contamination of the earth's surface (curies/m2 ) 
which can be expressed as follows: 

a = (QV g/Pmin >.) exp ( - [ A20h/U]) , ( 5. 16) 

where Q, Pmin, ~g, A are expressed in curies/sec; m3/sec; m/sec; 1/sec, 
respectively. 

The irradiation dosage on internal inflow of radioactive materials from the 
air can be calculated using the calculated values of the maximum mean annual 
ground concentrations [according to formula (5,7) or (5,9)] and comparing 
them ,with the DK presented in the NRB-76 [2]. It is known that in the air 
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the DK for a limited segment of the population was established by the NRB-76, 
beginning with the limit of the annual dosage of internal irradiation equal 
to 500 mrem with respect to critical orr;ans of Group I (on chronic intake of 
radionuclides into the organism through the respiratory organs). 

The irradiation dosage on internal intake of the radioactive nuclides with 
food products is calculated by the mean annual concentration of the nuclides 
in the food and the annual consumption of the food products in the zone of 
effect of the discharges. According to the NRB-76, the DK in the water for 
people out of the population can be taken as the admissible contamination of 
the food products (vegetables, cereals, milk, and so on). Inasmuch as the 
radionuclides are first accumulated in the soil and the plants and then they 
get into the organism of man with vegetables, bread, milk. and meat, at de
fined periods of time (for example, in the summer when pasturing the live
stock) the primary (critical) path of intake of certain nuclides, for exam
ple, iodine isotopes, into the organism of man can be milk and not air [34) 
(see also Table 5.29). 

In order to establish the maximum admissible discharge (PDV) of any radionu
clide from a single continuous-action source in the expression (5.9) we set 
Q = PDVi, and Xi is equated to DKi for the air of the populated areas. 

PDVi = 0.33PminDKi, curies/sec 

PDVi = 1.2 • l0 3PminDKi, curies/hr 

PDVi = 2.08 • 104PminDKi, curies/day 

(5.17) 

where DKi (curies/m3 ) is the admissible concentration of the given radionu
clide in the air corresponding to the maximum dosage of irradiation of peo
ple from a limited segment of the population (according to NRB-76); 0.33 is 
the coefficient of decrease of DK by three times recommended in [45] as the 
safety factor. 

For approximate estimation of the PDV of nuclear power plants under standard 
conditions it is possible to take h = 100 meters; V~T = 200 m3-deg/sec, 
which encom~asses the range of conditions from V = 3 m3/sec for ~T = 70° C 
to V = 70 m /sec for ~T = 3° C. 

Then Pmin = 6.4 • 106 m3/sec for I climatic zone (the European part of the 
USSR) and a circular wind rose (n/n 0 = 1). 

The values of PDVi for radioactive noble gases and short-lived aerosols as 
external irradiators for DKi taken with a safety margin of approximately 3 
with respect to DK in the NRB-76 are presented in Table 5.28 [45). 

In Table 5.29 the DKi are presented for radionuclides in atmospheric air 
considering their influx into the organism with food products produced in 
the zone of radioactive precipitation and also the PDV of these nuclides. 
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Table 5.28. Maximum Admissible Discharp;e of Noble Gases and Certain Short-:
Lived Aerosols by the Nuclear Power Plants for the Conditions 
of the First Climatic Zone of the USSR (the European part) and 
the Mean Annual Dosage of External Irradiation From Each Nu
clide Equal to 0.17 rem, in the Vicinity of the Maximum Ground 
Concentration (at a distance of x = 1-2 km from the smokestack 
h = 100 meters high) 

nuclide ,:p (l.r/U) I P?V, cu-11. . I up ()x/"ii) I P?V, cu-
· ries/day 1Juclide nes/day 

"Ar 1,04 1,0,10' •nxe 1,0 4,6,10• 
"Kr• 1,0 6,0, 106 111mxe 1,0 2,0-101 

"""Kr 1.02 8,5-104 116Xe 1,0 5,0,104 
"Kr 1,05 1 ;2-104 111111Xe 1,32 2,9-104 

Ul(f 1,02 · 9,4• 10' 11•Xe 1,26 1,8,10' 
'"Rb 1,20 2,0.10• mes 1, 13 6, 1,101 

''Rb 1,32 5,3· 101 uics 1,55 5,5,10' 

* PDV was an~yzed beginning with the danger of 8-radiation of the skin with 
a dose limit of l rem/year. 

Table 5.29. DK of Certain Radionuclides in Atmospheric Air in the Case of 
Production and Consumption of All Food Products in Radioactive 
Fallout Zones (for chernozem soil) and Also the PDVi for These 
Nuclides on Inhalation, Intake With Food and in the Case of Ex
ternal Irradiation From fallout in the Soil (Pmin = 6.4 • 106 

m3/sec, h = 100 meters, U = 2.6 m/sec) [45] 
nJlll, KK/c)T. nru ( n)l=u, 11 6,p/ roA 

Pnc•1eTHaR 7) J3 ti .. 
l'<pl!Tll'II'• ro.11oooe Jll( no E~~ JlK, KH/11, 1 

:,: ., ., -Hy11111A CKIIA npo-. IIO'l'pr6neHHP, 
llpH n}l = 11116-76, :i: iii }Fe A)llt ,u·•• 

... u,5 lhp/rOJI 
Ku/,, 

H 
~ 8~ § l! 
:f l'(Q. 

(1) (2) (3) (4) ( 5) 0 .. 8 Bit C ,:: 

1osr•• Onou1H 6!),2 5,2, 10- 17 4-10- 14 0,01 7,3 -io,Ru 10) G!J·2 2,0, 10- 14 1.8- 10- 12 3,7 330 '39 
10•r?u . 6!),2 2,!). 10- 16 I,!), J0- 13 0,53 35 -uq• MorlKO 210/2 ,d20 1,5, 10- IO 7,5, 10- 11 0,028 11 •J -
ua1• 11. 240/2=1:lO 2,4,10-U 2,0.10- 12 4-1 300• 1 -u11• 240/2--= 120 3,6 · 10- 16 2,5.10- 11 0,G6 40• 1 -117(.sH xn;6 ( 1 ;2) ICi0, 2 1,2.10-•~ •I,!), 10- 11 0,22 !)0 0,1 u•cc Onoiun G9-2 2,1 · 10- 11 5.3-10- 12 4,4 ()70 -iuce . f,!). 2 3,4• 10- 11 2,2.10- 13 0,62 40 16, 5 

Key: 1. Nuclides 
2. Critical products 
3. Apnual consumption, kg** 
4. Calculated DK, curies/liter, for PD= 0.5 rem/yr 
5. DK according to NRB-76, curies/liter 
6. PDV, curies/day, for PD= 0.17 rem/yr 

I 
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Key to Table 5,29 (continued) 

7, With respect to the food chain 
8. On inhalation 
9, With respect to dosage of external irradiation from fallout 

10. Vegetables 
11. Milk 
12. Bread 

* With respect to the iodine isotopes, the critical contingent are the 
children up to l year old. For them, here, in contrast to the NRB-76, the 
admissible dosage limit for irradiation of the thyroid gland diminished by 
10 times is used, that is, 150 mrem, for the mass of the thyroid gland in 
the adult and the child under l year old differs by 10 times, that is, the 
DK for adults can be increased 10-fold with respect to iodine isotopes by 
comparison with the values of the DK presented in the table. 
** The coefficient 2 takes into account the fact that the intake of radioiodine with milk can occur only 6 months per year (during the pasturing 
period). For the winter period the intake of the radioactive iodine with 
respect to the food chains cannot be considered. 
*** With respect to inhalation, the presented values of the PDV can be re
inforced for adults by 5 times, for here a 10-fold difference in the weight 
of the thyroid gland of the adult and the child less than l year old was 
taken into account and also a 2 times lower respiration rate of children less than l year old. 
**** The PDV of these nuclides must be established considering the global pollution. 

Table 5.30. The Magnitude of the PDVcrit for Short-Term Discharge of One 
Nuclide [ 4 5] 

PDVcrit, 

1 
PDVcrit, 

lfoclide curiP.s ~Iuclide curies 

•uxe l ,3, 101 88Sr 6,7-101 
111xe 1,6, l06 80Sr 30 umKr 1,1-10• uics 370 
"'I 200 "

0Ba 110 

In the case of the short-term (lasting from several hours to days) increased 
discharge from the nuclear power plant the PDVcrit is calculated for a dose of 1 and 0.1 rem per year for nuclides accumulated in the organism (Sr90 and Cs 137 ) with respect to the worst conditions (Table 5.30): V~T = 20. If 
~T = 5° C, V = 4 m3/sec, A= 0.12, h = 100 meters, then pcrit = 105 m3/sec. min 
For a mixture of fission products with a dose limit of 1 and O .1 rem ( with 
respect to Sr 90 and Cs 137 ) a short-term discharge is permitted [45]: 
Xe 135 + Xe 133 + Kr 87 + Kr 85--3 • 104 curies; 1 131 --50 curies; Cs 137--70 curies; Sr89 + Sr 90--10 curies. 
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Considering the intake throu~h the food chains, the maximum admissible short
term dischar~e of r131 , Cs 13 , Sr89 and Sr 90 in cases where farm production 
is carried out in the vicinity of the nuclear power plants must be diminished 
by no less than 100 times by comparison with the values indicated above, that 
is, it must be no more than: r131 --0.5 curies; Cs 137--0.7 curies; Sr89 + 
Sr90--0.l curies. The total dosage of the external and internal irradiation 
with this short-term discharge does not exceed 50 mrem [45]. 
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Chapter 6. Calculation of Dosages Created by Sources With Various Configu
rations and Protection Against Radiation 

6.1. Dosage Fields From Sources of Various Types 

The power of the exposure dosage from the point source of y-radiation or the 
dosage for some time interval is found by the formulas (2.12)-(2.14). In 
many cases it is necessary to calculate the exposure dosage created by in
exact sources, that is, sources having defined dimensions. These sources 
are called extended period. However, any extended source can be ta.~en as a 
point source at a sufficiently great distance from it. 

Depending on the distribution of the radioactive material the extended 
sources are subdivided into linear, surface and volumetric (Table 6.1). For 
linear and surface sources, the self-absorption and self-scattering are neg
ligibly small (Table 6.2). In the volumetric sources they-quanta undergo 
multiple Compton scattering and have a tendency to be accumulated in the re
gion of lower energies which is taken into account by the accumulation fac
tor B by which it is necessary to multiply the formulas presented in Table 
6.1. 

The dosage factor for the accumulation B of a point isotropic y source can 
be represented analytically in exponential form. 

(6.20) 

where A1 + A2 = 1, and the values of A1 , -a1 , a2 are presented in Table 6.3. 

Instead of expression (6.20) it is possible to use Table 6.4 in which the 
dosage factors of the accumulation are presented for a point isotropic 
source in an infinite medium. The dosage factors of the accumulation are 
used when calculating the exposure dosage which is varied in roentgens. 

The ratio of the values of the dosage factor of accumulation in the barrier 
configurati0n and in an infinite medium are presented in Table 6.5. 

107 

FOR OFFICIAL USE ONL '( 



. fQR OFFICIAL USE ONLY 

Table 6.1. Expressions for Calculating the Dosage Power From Certain Ex
tended Sources [11, 21] 

£',ource 

Linear iso
tropic non
absorbing 
with uni
formly dis
tributed ac..: 
tivity 

Linear iso
tropic with 
uniformly 
distributed 
activity 
considering 
self-absorp
tion 

Annular iso
tropic with 
uniformly 
distributed 
activity 
with respect 
to length of 
circumfer
ence 

Disk uni
formly cov
ered with an 
infinitely 
thin layer 
of activity 

Configuration 
of Service 

p 

(" 2L 7 ~11 
,_f..,.L__,j ____ R __ 

p 

. p -

Formula for Calculating Power 
of Exposure Dosage 

orR,>3L, c=O; h=O 

QKT 
p = -;r==:===::;:::::=:::::;:=:=:;::~::;:=:=:=;:::::;:: ~ V(R1-r2)2 + 2h2(R2 + rl) +h• 

(6. 1) 

(6,2) 

KTQ 
for·R =0 P = h' + r' (6.3)' 

KlQ 
or R = r P= h V'h2 + 4,2 ; 

KTQ 
or h=O P= Rz-rz 

/fl +rl 
for R = 0 P =r.aKT In H 2 

H+ V 4r2 + H 1 forR = r P == r.,KT In 
2
H 

R' forH=O P=TtaKTln R2 -r2 
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Table 6.1 (continued) 

Sourc~ 

Infinite uni
form medium 
with uni
formly dis
tributed ac
tivity with 
respect to 
volume 

Semi-inifite 
uniform me
dium with 
uniformly 
distributed 
activity 
with respect 
to volume 

Sphere with 
uniformly 
distributed 
activity 
with respect 

· to volume 

.• 

Configuration 
of Service 

P, 

Formula for Calculating Power 
of Exposure Dosage 

(6.5) 

(6.6) 

P,= -r 2Rr+ (R1
-,

1
) In R+r · (6.7) 

· 2,cq/(T [ R-r] 
· considering self-absorption near 

109 

sphere 4 [ 3 4 P,= 3 ~qK1 1-4 ,... 0r+To(fJ-,r)'- _ 

. I 2 · ] :-T <P,.r)• + 35 C,....or)• + ... • (6.8) 
considering self-absorptio~ far 
from sphere: for?.> 3r 

... 4 w 1qK1 P,= 3 ~F(µ. 0r); (6.9) · 

2rtqKT [ 1 ] . P1=-;.- 1- 21-'-o' (I -exp (-2}1,0r)) ; (6.10) 
4rtqKT · 

P,= - (l-exp(-f.1,0r)]; (6.11) 
~o 

for r = 00 for point P 3 the for
mula (6.11) becomes expression 
(6.5) 
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Table 6.1 (continued) 

Source' 

Sphere with 
uniformly 
distributed 
activity 
over surface. 
The cavity 
of sphere is 
a nonabsorb
ing material 

Hemispherical 
source with 
uniformly 
distributed 
activity 
with respect 
to volume 

Spherical 
layer with 
uniformly 
distributed 
activity 
with respect 
to layer 

Cylinder with 
uniformly 
distributed 
activity 
with respect 
to lateral 
surface. 
The cavity 
of cylinder 
is a nonab
sorbinf, ma
terial 

Configuration 
of Service 

p 

V 

p 

110 

Formula for Calculating Power 
of Exposure Dosage 

2r.oK1r R+ r 
P=--ln--R R-r (6.12) 

., 

2r.qK
1 P = -- (I - exp (-fJ,0r)); (6. 13) po, 

for r = 00 formula (6.13) becomes 
expression (6.6) 

... 
4nq/(T 

P=-- fl-exp(-p.0(r1 -r,))) (6.14) P-1 . 

(
. Ii, H-lt,, 

P 1 = 2r:oK1 arct~ r + arct~ r / (6.15) 

( 
H + h2 Ii,) P 1 =2n:oK1 arct1;?-r--arct~, . (6.16} 

If the covers of the cylinder 
have activity on the surface, 
they must be considered as addi
tional disk sources, 
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T~ble 6.1 (continued) 
I 

sdurce 
I 

CJ".linder with 
uniformly 

I 
distributed 
activity 
wjith respect 
to volume. 
~he cavity 
o1f cylinder 
i[s a. nonab
sorbing ma
terial 

Configuration 
of Service 

Formula for Calculating Power 
of Exposure Dosage 

. [ 11, H-h, P 1 = 2nqKT r arct2 , +, arct2 , 

h, 
-h In--,,.---'--== (H - .Ir,) X 
.. 

1 Vh•,+r 2 

. H-h, ] 
Xln Y(H-h,)2+,2 ; (6,Ji) 

Pa= 2r.qK
1 
(, arct2 .!!_t-H In V H \. (6.18) r H2 ..l.. ,2 / 

foF H/r• 6 P2 = n2qrK
1

. ' , 

for H 'r<. 0,4 P, = 2r:qK-rH(l +In, If). 

, ( · H +h, P 1 = 2r:q!<. 1 _, arctg -,- - (H + 11 3) X 

H +hl hl 
Xln -:--;:;::=:::::;:::~= rarct~-+ ~(H+h,) 2 +,i r 

+. h I h, ] (6 9 . • n Vh2,+,a . .1) 

P = TCqK r .f !!_ ( I - In 
2
H) +.!!..In[!!..+ • T \r \ , r r 

+{4+( ~ )2}+2-v 4-( ~ )l 
Note: q, n, a are the activity per unit volume, length and surface, respec

tively; Q is the total activity; Ky is they-constant (see Table 2.4); 
µ0 is the linear attenuation factor of they-radiation in the source 
material; F(µ 0, L, r) are the self-absorption coefficient (see Table 
6.2). 

Table 6.2. Self-Absorption Coefficients F(µ 0, a) of Linear and Spherical 
Sources (they are used when calculating the power of the expo
sure dosage at the point far removed from the sources, a--half 
the length of the linear source or radius of the sphere) 

Spheri-

1 
Spheri-

l'oll Linear cal I'd' Linear cal 
Source Source Source Source 

O,GO 1,00 1,00 1,00 0,432 0,527 
0, 10 0,906 0,!)29 1,20 0,37() 0,475 

· 0,20 0,824 O,l'ili5 1,40 0,:1:35 0,·111 
0,30 0,752 cl.RO? I ,liO o,:mo 0,393 
0,-10 O,GH8 0,755 1,80 0,270 0,360 
0,50 0,6:12 0, 707 2,00 0,245 0,332 
0,60 0,582 0,664 2,50 O, IU9 0,277 
0,70 0,538 O,Ci25 3. ()() O,IGG 0,236 
0,80 0, 4!)!) 0,590 4,00 1,25 0, 182 
0,90 0,464 0,557 5,00 0, 100 0, 147. 
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Table 6.3. Coefficients A1 , -a1 and a 2 for Analytical Representation of the 
Dosage Factor of Accwnulation of Point Isotropic Sources in an 
Infinite Mediwn [20] 

~~vi 0,5 1 •·o I 2,0· I 3,0 I 4,0 I 5,11 I 6,0 I 8,0 I 10,0 

Lead 

A1 1.65

1

2.45 

1

2.60 

1

2. 15

1

1.65 

1

1.20 I o.96

1

0,67 0,50 
-1&1 0,032 0,045 0,071 0,097 0, 123 0, 152 0, 175 0,204 0,214 

"a 0,29G 0, 178 0, 103 0,077 0,0<,4 0,059 0,05!) 0,067 0,08 

Iron 
A, 

10 I R,O I 5.5 I 3,75 I 2,!l 12 ,:35 2,0 
-1&1 O,OU48 0,0895 0,0788 0,075 0,082!i 0,0833 0,095 

"1 0,0:2 0,04 0,07 11,082 0,075 0,0546 0,0116 

Water 
A, 24 111,0 , 6,4 15,2 14,5 , 3,f, 13,0 2,7 

-11, 0, 138 0, 104 0,07G O,OG2 0,056 0,050 0,045 0,0·12 
Ila 0,0 0,030 0,092 0, 108 0, 117 0, 124 0, 128 0,130 

Concrete 

A, 
12,5 1 •·• 16,3 1 •·1 13,9 13,l I 2,8 

2 G 
-a, 0, 111 0,088 0,069 0,062 0,059 0,059 0,057 o:oso 

11, 0,006 0,029 0,058 0,073 0,079 0,083 0,086 0,084 

Table 6.4. Dosage Accwnulation Factor for Different Materials (point iso
tropic source in an infinite mediwn) 

Mate
rial 

Water 

Alu.mi--
nwn 

I I 
~x :~v -.-l-2_j,__•-..,...l_.:._1--,--10---:l-•-5--;-I _2_0_ 

0,05 2, ;3 9,7 3,6 100 3!i0 1500 4300 
0, 10 3,(i 11,0 43 130 700 4800 1900 
0,255 3,09 7, 14 23,0 72,9 l!i(i .JSG 982 
0,40 2 ,70 5,53 16,7 47,8 99,8 2-13 477 
0,5 2,52 5, 14 14,3 38,8 77,G 178 334 
1,0 2, 13 3,71 7,G8 IG,2 27, I 50,4 82,2 
2,0 1,83 2, 77 4,88 8,•ln 12,4 19,5 '27,7 
3,0 1,69 2,12 3, !JI 6,23 8,63 12,8 17,0 
4,0 1,fi8 2, 17 3,34 5, 13 6,94 !.l,97 12,9 
G,O 1,·IG I , 9 I 2,1u 3, !)!.) 5, 18 7,0!) 8,85 
8,0 1,38 1,74 2,40 3,34 4,25 5,(i(i 6,95 

10,0· 1,33 1,63 2, 19 2,!.l7 3,72 4,90 5,98 

0,05 I, 7 3,6 6,2 10 12 16 . 19 
0, 10 2,9 5,8 13 25 57 130 290 
0,20 2,9 5,5 12 27 73 230 500 
0,40 2,5 4,5 9,9 22 ,18 1'20 '220 
0,5 2,37 4,24 9,-17 21 ,5 38,\J 80,8 14 l 
1,0 2,02 3,31 G,57 13, I 21,'2 :i7, 9 58,5 
2,0 I, 75 2,lil 4,(i2 8,05 11 , \J 18,7 26,3 
3,0 I ,!i4 2,32 3, 78 (i, 14 · 8,(i5 13,0 17,7 
4,0 1,53 2,08 3,22 fi, o I 6,88 10, I 13,4 
6,0 1,42 1,85 2,70 •I ,OG 5,49 7,79 10,4 
8,0 1,34 1,68 2,37 3,15 4,58 6,5G 8,52 

l0,0 1,28 1,55 2, 12 3,01 3,96 5,63 7,32 
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Table 6.4 (continued) 

Mate
rial 

;'~~V /-.--,l-2-...,..j-4-,-I _ .. _;x--.-l_•_o --,..1-•s-1_2_0_ 
-----

Iron 

.. Lead 

Ura-
nium 

0, I 
0,2 
0,4 
0,5 
1,0 
2,0 
3,0 
4,0 
!i,O 
8,0 

IO,O 

0, 15 
0,30 
0,40 
0,5 
1,0 
2,0 
3,0 
4,0 
5,1 
6,0 
8,0 

·IO,O 

0,5 
1,0 
2,0 
3,0 
4,0 
6,0 
8,0 

10,0 

1,5 
2 '(I. 
2, I 
I, 98 
1,87 
1,76 
1,55 
1,45 
1,34 
1,27 
1,20 

1,01 
I, II 
I, 17 
1,24 
1,37 
1,39 
1,34 
1,27 
1,21 
I, 18 
I, 14 
1,11 

I, 17 
1,31 
1,33 
1,29 
1,24 
I, 16 
I, 12 
1,09 

2,2 3, I 
3, I 5,3 
3,:1 (i, 0 
3,0U 5,!)8 
2,8!) 5,3!) 
2,'13 4, 13 
2, 15 3,51 
1,94 3,03 
1,72 2,58 
I '51, 2,23 
1,42 J ,[15 

1,03 I ,0G 
I, 17 J ,25 
1,29 1,46 
1,42 1,69 
1,69 2,26 
1,76 2,51 
1,68 2,43 
1 ,56 2,25 
I ,4fi 2,08 
1,40 1,97 
1,30 1,74 
1,23. 1,,58 

1,30 1,48 
1,56 I ,!J8 
1,64 2,23 
l',58 2,21 
1,50 2,0!:l 
1,36 1,85 
1,27 l ,fiG 
1,20 l,151 

4, 1 4,6 5,4 5,9 
8,!J 14 22 31 
12 23 .j!J 84 

11, 7 IU,2 35,4 55,6 
10,2 16,2 28,3 ·12,7 
7,25 10,9 17,6 25, 1 
5,85 8,51 13,5 I!), I 
4,91 7, 11 11,2 16,0 
4, 14 6,02 !l,89 14,7 
3, •19 5,07 8,50 13,0 
2,99 4,35 7,54 12,4 

1, 15 I, 16 I, 18 I, 19 
1,34 1,41 1,5 1,56 
1,58 1,72 1,89 2,02 
2,00 2,27 2,65 (2, 73 
3,02 3,74 4,81 5,86 
3,66 4,84 6,87 9,00 
3,75 5,30 8,44 12,3 
a,61 5,44 9,80 16,3 
3,4·1 5,55 11,7 23,6 
3,34 5,69 13,8 32,7 
2,89 5,07 14, l 44,6 
2,52 4,34 12,5 39,2 

I ,fi7 1,85 2,08 
2,50 2,97 3,67 
3,09 3,!}5 5,3fi (6,48 
3,27 4, 51 6,97 9,88 
3,21 4,66 8,01 12,7 
2,96 4,80 10,8 23,0 
2,61 4,36 11,2 28,0 
2,26 3,78 10,5 28,5 

Note: The values in parentheses were obtained by extrapolation. In case of 
a barrier configuration (the source is located behind the shielding 
of finite thickness with infinite transverse dimensions) the dosage 
factor of accumulation is less than the presented values. 

Table 6.5. Ratio of the Dosage Factor of Accumulation in the Barrier Con
figuration to the Dosage Factor of Accumulation in an Infinite 
Medium for a Point Isotropic Source [11] 

( l) 311ri,rnM I A.m- )I( r.,P• Co11- II 311rpruM I I Amo- , )l\c.,r-1 Con-l'1:Aa11-
~o.1a if 11n 4" ll'll 1-~0.111- 0.•,11a M111111n Jo IIPll ..-nn, M~n 

1 
TPR, /1130 

0,5 0, 750 0,7!J9 0,8G9 0,983 4,0 0,911 0,946 0,95fi 0,993 
1,0 0,797 0,845 0,!J03 0,!)86 G,0 0,961 0,965 0,973 0,994 
2,0 0,8!J2 0,905 0,929 0,!J89 8,0 0,970 0,976 0,U83 0,995 
3,0 0,924 ll,9311 0,D43 0,990 10,0 0,974 0,933 0,U87 0,996 

Key: 1. Energy of y-quanta, MeV 4. Iron 
2. Water 5. Lead 
3. Aluminum 
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6.2. Protection Against y-Radiation 

In order to calculate the protection from y-radiation of point isotropic 
sources it possible to use expression (1.2) and the corresponding Tables 
1.3, 1.4, 6.4 for the attenuation coefficientsµ and the accumulation fac
tors B with introduction of corrections for the barrier nature of the shield
ing from Table 6.5 when this is necessary. 

The application of the universal Tables 6.6-6.10 of N. G. Gusev [6], modified 
in [10, 11], is also recommended. The initial data when using the tables are 
the radiation energy and the required multiplicity of attenuation on they
radiation by the selected shielding material. 

These tables were designed for broad y-radiation beams considering the vari
ation of the spectrum with thickness and multiple dispersion (using the dos
age accumulation factor B for a point isotropic source). The divergence of 
the thickness of the shielding obtained from Tables 6.6-6.10 with the experi
mental data does not exceed 5-10 percent for an energy Ey ~ 0.5 MeV. For 
lower energy and also small thickness the error is somewhat greater. 

Inasmuch as the tables were designed for an infinite medium, in the case of 
a barrier configuration they give a high value for the thickness to a maxi
mum of half the layer of the half-attenuation, that is, the error can be made 
in the direction of increasing the required thickness. However, from Table 
6.5 it follows that for heavy materials and high energy of they-quanta, the 
correction for the barrier nature of the configuration is low; therefore the 
universal tables c.an also be used for the barrier configuration. 

In Tables 6.6-6.10 values are presented for the quantum energies of 0.142, 
0.279, o.41, 0.661 and 2.75 MeV of the most frequently used radionuclides 
[11]. 

Using the universal tables, it is possible to solve various problems fre
quently arising in the practice of calculating shielding against y-radiation. 
For example, if it is necessary to determine the thickness of the shielding 
with respect to the given decrease in dosage power, the multiplicity of the 
attenuation by the shielding is equated to the required multiplicity of the 
decrease in dosage or dosage power. With known thickness of the.shielding 
by the tables it is easy to find the multiplicity of attenuation of the ra
diation of the sources and thus to determine the admissible operating time 
for the shielding or the admissible value of the source activity. By these 
tables the additional shielding is determined for the already existing thick
ness, the required set of layers of different materials, linear or mass 
equivalents of certain shielding materials, the half-attenuation layers in 
various thickness intervals of the material, and so on. 

However, Tables 6.6-6.10 are suitable only for the monoenergetic y-radiation 
sources. In the cases where the source has a complex radiation spectrum the 
calculation of the thickness of the shielding insuring the required multi
plicity of the attenuation is made by the method of "competing" lines [21). 
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Table 6. 6. Thickness of the Shielding Made o'f Water (cm) ( p = 1. 0 g/ cm3 ) for Different Multi
plicity of Attenuation of y-Radiation (a broad beam) [10, 11] 

~fultiplic-1 
ity of At- y-Rad.i3.tion ·Energy. MeV 
te::iuation o I lo H"I o ~10 "7<ll o 3 1 o I I" ·, I o ,; Io ,;.;ii o 7 I o s I o,\J I 1 11 I • ., .. i 1 ·, I 1 ,a I " o I "2 I" r, I Jo I ~ o l - o I 8 0 I , 1 1.1 . . - •" . .. ,. ·-· , . .. "• "• ' .. '. •' 

1,5 19 21 n\ 23 23 22 I 21 21 21 20 20 20 20 

2 21 24 27 28 28 2(" 28 '27 27 27 27 28 2~ 
5 26 30 37 42 43 •15 46 47 47 47 48 49 50 
8 29 33 41 47 49 -,1 54 54 54 54 56 57 ,'i8 ;,)_ 

10 30 36 44 50 51 3-1 57 57 57 58 60 GI 62 
20 34 40 50 58 GO r,4 .Ji8 69 70 71 72 74 76 
30 37 -14 54 63 fi5 70 73 75 76 77 79 81 83 
40 38 46 57 ti6 r,9 7-1 ;I 80 8i 82 84 87 89 
50 40 48 60 i;g 71 -- so 83 84 85 ~8 90 V3 

'I 

60 41 49 62 71 74 7'1 tlJ 8t.i 87 88 91 93 9(i 

80 43 53 65 74 77 1'3 87 90 92 93 96 99 102 
101 44 55 67 77 80 1-'ti i<!) 93 95 96 100 103 105 

2-101 48 58 73 84 ~7 \)4 99 103 105 107 111 115 118 
5.101 53 65 83 94 97 IOI 110 115 118 120 124 129 133 

101 58 71 89 10:? 105 I IJ 119 125 129 131 136 141 145 
2-101 63 76 95 108 112 1:.:n 128 134 138 140 146 I -0 156 ~-
5-10' 68 82 102 117 1:21 131 140 146 150 153 160 I 65 171 

10' 73 89 109 125 J:!O I :>!l 14,q 155 159 162 lti9 177 183 
2-10' 78 94 114 1:31 135 1~7 157 165 169 172 180 187 194 
5-104 83 98 121 139 144 157 ltifl 177 182 185 193 201 208 

105 88 104 10- 1-15 l:'iO l!i4 176 185 190 194 203 211 220 _, 
2• 105 92 108 133 t:'i:? 157 1--, 184 194 199 203 213 :221 231 I -

5-105 98 115 14() lfiO Hiu 182 195 '.:05 212 216 226 236 246 
10• 10'2 120 I 4fi I tjti 1-9 189 203 213 220 224 234 :245 254 ,_ 

2-101 108 128 153 173 179 1r,5 :211 :221 228 235 245 256 266 
5.10• 113 136 160 181 187 205 223 2:H 242 247 258 270 281 

107 118 145 166 187 193 2•0 231 :?-t2 250 257 268 280 292 ·-

19 19 19 20 20 20,7 
28 29 29 30 31 33 
5·> 51 56 59 61 65 
fi2 66 li8. 72 74 79 
liti 70 7-! 78 80 85 
82 87 91 96 99 107 
8<) 9-! 100 105 109 118 
~•5 101 IOG 112 l lG I :!{i 
V~l 10(1 112 118 1:?:? 13:3 

10:? 10\.l 116 123 12Z 139 
110 1 Iii 123 130 134 147 
11-1 120 128 134 139 15:l 
1•1-_ , 135 1-n 152 157 1-·) , _ 
1~5 155 164· 173 180 199 
l:i7 lfi8 178 188 195 21fi 
170 IH:2 193 204 212 :235 
1~5 l'.10 :!12 :224 23-l 25~) 
1~8 213 ']:27 241 251 278 
'21 ! ·J•t--~' :2-13 258 270 298 
•1·)-~-' '.?H :.?61 277 290 320 
:2-IO '25\l :276 294 306 33!) 
•)"-) _ :)_ 27:! 290 308 322 350 
:.?t,8 289 310 329 :i43 380 
27') :102 32-l 345 :160 3% 
:?93 315 339 360 376 412 
308 333 357 379 397 44(· 
318 345 370 393 411 458 

21 ,,,.., 23 
34 35 . :;9 
67 71 83 
81 89 103 
88 97 11,'j 

Ill 10--~ IH 
122 139 lti:l 
l,'31 149 17:3 
138 l5fi 161 
144 162 191 
153 171 204 
159 180 211 
179 204 2-12 
207 230 278 
22.5 237 305 
245 280 310 
271 30B :308 
290 330 3c,:3 
311 :354 4:20 
334 383 4.57 
353 40-l 484 
3·0 , _ 4:20 :')11 
397 454 ,'i-l3 
417 478 ,:;71 
435 498 :);:;-
-t60 5..i8 tl:t~ 
480 54!) ,~:/i 

23 I .,_ • 
-ti I 41 
f-V 9. 

113 I 12, 0 

() 
124 1:51 
l:'i0 17 
178 I~"-
192 '211; 
:!1),1 i :! !7 
·> I 3 ·•-~• - -- ) 

:?'25 '2~11 
:235 :?'51 
2G~ :2~:; 
:310 :3:3r, 
3-n :)t.·1~ 
3""·), .,.-.' 

J ~ .)! " 
4(:3 ,-H.; 
-P-l F7 
-li.'1 I 51 I 
.316 .'1.'5o - ,-
:J-r/ .sou 
57~ t<~::? 
t:ilG h.'j7 
fi ! ~l 701 
1,.'1!1 ;.n 
; : ~) 77d 
7-ld 813 

.,., 
C) 
:::0 
C) 
-n -n • 
0 

> r-
e 
C/) 
rn 
C) 
z 
r
-< 
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Table 6.7. Thickness of the Shielding Made of Concrete ( cm) (p = 2,3 g/cm3) 
for Different Multiplicity of Attenuation of y-Radiation (a 
broad beam) [10, 11] 

Multiplic-
y-Radiation Energy, HeV ity of At-

tenuation 0,1 I 0,M2 I o.~_l._o..:27() I 0,3 I 0,41 I 0,5 __ I 0,'i_ 

1,5 2,6 3,5 4,7 r.,o 6,3 7,5 8,2 8 .. 2 
2 .4,7 5,9 7 ,r, 9,4 9,9 11,3 12,3 12,4 
5 6,0 7,9 11,0 14,6 15,5 18,8 21, I 21,8 .. 
8 7,0 !l,5 12, 9 lu,8 17,8 22,0 24,(i 25,6 

JO 7,2 10,9 13 ,fi 18, fi 19,0 22,5 25,8 26,8 · 
20 8,2 11,2 15,3 20, 1 21,4 2fi,8 29,!) 31, !) 
30 9,0 11,8 16,4 21,5 22,8 27,7 32,9 34,8 
40 9,5 0,3 17,G 22,8 24,2 29,6 34,0 36,2 
50 9,9 13,2 18,8 23,8 25, I 30,8 35,0 37,6 
60 I0,2 14;8 19,3 24,8 26, I 31,7 36,4 38,5 
80 10,7 15,8 20,4 26,2 27,7 33,6 38,7 41, I 

IOO 11,2 15,9 21, I 28,3 28,9 35,2 39,9 43,0 
2, IQ2 12,7 17, I 23,5 30,5 32,4 3!),2 44,6 47,9 
5,101 13,8 18,3 2(i,0 33,0 3r,,o 43,9 50,5 54,5 

IQI 15,5 20,8 . 28,2 3u,9 39,2 48, I 55,2 59,2 
2.101 17,0 23,0 30,5 39,8 42,3 51,5 59,!) 64, I 
5• 101 18,8 24,8 33, I 43,0 45,6 5G,4 G5,2 70,0 

104 20, I 25,7 3f>,2 45,7 48,5 G0,3 69,3 74,5 
2, IQ4 21,3 28,4 38,2 49, I 51,5 63,4 73,5 78,7 
5. )04 23,3 31,3 12,3· 53,4 56,4 6s,r, 79.0. 8·1,7 

J05 . 30,5 38,9 50,5 GI ,6 G4,li 75, I 82,8 89,0 
2-108 3R,3 4G,O 51i,7 67,!) G9,8 79,4 87,2 93,5 
5. )05 44,8 51,8 GI ,5 7.1, I 73,7 83,7 92,5 99,3 

101 •19,3 56,5 66,4 77,0 79,8 89,8 97,0 103,7 
2· 101 57,6 64, I 73, I 82, I 84,5 93,3 101,0 108,'.l 
5. 10• 59,4 .67,9 79,7 88,3 91,6 100,6 106,6, 114,1 

10' 64,U I 72,8 84,9 9;,,4 95,7 l 10s.1 111,0 118,6 
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Table 6.7 (continued) 

Multiplic-
y--Radiation Energy, !-'!eV ity of At-

tenuation 0,661 I 0,7 I 0,8 I 0,9 l 1,0 I 1,25 I 1,5 I 1,75 

1,5 8,2 8,2 8,3 8,3 8,5 8,6 9,7 8,7 
2 12,4 12,5 12,G 12,7 12,9 13,3 13,6 13,8 
5 22, I 22,3 22,6 23,.0 23,5 2·1,6 25,8 27,0 
8 26, I 26,4 27,2 27,9 28,8 30,5 32,2 33,8 

10 27,3 27,6 28,4 . 20, I 2!),9 31,9 31,0 35,9 
20 32,9 33,6 35,0 36,2 37,0 39,9 42,6 44,8 
30 35,8 36,4 37,8 39,2 40,5 43,7 46,5 49,3 
40 37,2 37,9 39,6 41,~I 42,8 46,3 48,5 52,8 
50 38,8 39,4 41,2 42,H 44,6 48,5 51,0 55,2 
60 39,7 40,5 42,5 44, 1 45,8 50, I 52,5 57,5 
80 42,3 43,0 44,8 46.5 48, 1 52,4 56,4 59,9 

100 11,4 45,3 47,2 48,8 50,5 :i1,5 58,3 62,2 
2· 101 49,5 50,5 52,6 54,6 5G,1 60,8 65,3 69,7 
5. (01 56,2 q7,3 59,8 62,5 64,6 69,8 74,8 79,8 

(01 61, I 62,5 65,3 67,8 70,4 7o, 1 81,7 87,6 
2.101 66, I 67,4 70,4 73,2 75,7 82,2 88,5 !H,6 
6· 101 72 ,·1 74,0 77,0 80,2 82,8 91,0 97,4 104,2 

10' 77 . .J 7H, I 82,9 86,2 89,2 . 97 ,2 101,5 111,5 
. 2, 10• 81,2 83, I 87,3 !l l . I !M,5 104,0 111,4 118,6 
5. 10• 86,6 88,7 93,4 97,\i : 112, I 112,5 120,4 128,4 

105 91,5 93,5 98, I 102,5 IOG,8 119, 0 12G,G 13.5,7 
2, 10' 95,8 tl8,5 102,8 108,0 112, 7 125, I 13·1,3 1·13,5 
5,101 101,G 104,5 IG9,5 114,8 119, 7 133,8 142,5 152,6 

IO' 107,0 109,2 114, I 119,5 124,4 140,2 149,8 160,6 

2.10• 111,2 113,6 119,7 125,0 129,7 147,0 157,0 168,0 

5. to• 117,8 120,2 126,0 J31,5 137,0 i 54 ,'i 165,8 177,5 

10' 121,2 124,6 1:10, 1 136,5 142,ll lGO,O 173,0 184, 7 
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Table 6,7 (continued) 

Bultiplic-
ity.of At-
tenuation ?.,O 

1,5 8,8 
2 '· 14, 1 

5 28,8 

8 35,2 

10 37,G 

20 47,0 

30 51,6 
40 55,2 .. 
50 58, 1 

60 G0,5 

80 63,4 

JOO G5,7 

2°103 74,0 

5-101 81,5 
JOI !l2,7 

2,101 100,2 

5-101 110,9 

101 118,G 
2, 10• 126,2 

· 5-10' 136,2 

108 114,4 

2.JO' 152,5 
5, JOI 162,5 

10' 171,0 

2.10• 179,0 

5. 10• 189,0 

JOT 197,0 
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y-Radiation Energ;y:
2 Hey 

I 2,2 1 2. 1,, l 3,o I 4,0 I H,0 I 8,0 

8,9 9,2 9,4 10,0 11,7 II, 7 

14,3 15,0 15,3 lG,4 18,8 18,R 

29,4 31,8 32,9 35,2 38,7 39,3 

3G,4 38,R 3!l,!) 43,4 48, 1 48,7 

39,0 ·12 ,0 43,4 47 ,5 51,G 52,8 

48,G 52,3 5-1,0 58,7 G4,6 65,7 
63,5 57,\J 59.9 Ci5,7 71,G 72,:i 

57,3 GI.~ G4,U G9,8 7l,5 79,2 
ljO, 1 6-l,8 G6,9 72,8 81,G 83,9 
62,7 67,6 69,8 74,0 · 85, 1 88,0 
65,7 71,4 74,0 81 ,0 90,4 93,!) 
G8,G 74.7 77 ,5 81,!i ~5. ! D8,0 
77,2 84,G 88,0 95,7 108,0 112,1 
88,5 97 l01,0 110,1 l~•l,4 129,7 
!)7,0 IOG 110, !) 120,9 1~7,!) 14~.2 

101,0 115 120,fl 132, 1 150,3 l51i, I 
115,5 127 1:32,7 l4G,8 l!,G, 7 1n,s 
123, 7 137 143,2 156, 7 179,0 187,8 
131,7 14G 152,6 1G7,3 190,8 201,.9 
142,0 159 164, 9 181,4 206,6 218,4 
lfi0,7 IG6 173,8 191,4 218,4 211,3 
158,7 171 177,3 201 ,!) 231,3 245,4 
169,5 187 19G,O 214,8 247, 1 261 ,8 
178,6 193 205,4 225,4 260,6 274,7 

18G,O 205 215,0 236,0 272,4 287,6 

197,0 218. 227,0 250, I 287,6 305,0 

205,0 225 236,5 259,4 299,4 317,5 
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I 10,0 

11,7 

18,8 

39,9 

49,3 

54,0 

u!J,3 

18, 1 

t-4,5 

89,8 

!13, 9 

100,4 

105, 1 

120. 

1;19, 

155, 

lli8, 

186, 

201, 

216, 

233, 

247, 

262, 

281, 

294, 

9 

7 

0 

5 

7 

3 

0 

6 

5 

0 

2 

8 

308 ,8 

327 .5 

340 ,5 . -.., t 
' 
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'fable 6.8. Thickness of the Shielding Made of Iron (cm) (p = 7 ,89 g/cm3) 
for Different Multiplicity of Attenuation of y-Radiation [10, 
11] 

y--Radiation Energy, MeV Multiplic-

I 0,1421 0.2 I o.279 I I I r ity of At- 0,1 0,3 0,41 0,5 0,6 
tenuation 
- 1,5 0,5 0,7 1,0 1 , I 1,3 1,6 1,8 1, 7 

2 0,3 0,9 1 ;3 l ,G 1,8 2,3 2,6 2,8 . 
5 1,5 1,9· 2,5 3,2 3,4 4,2 4,8 5,3 
8 1, 9 2,3 3, I 4,0 4,2 5, 1 5,8 6,4 

10 2, l 2,5 3,4 
1 

4,4 4,5 5,4 6,2 6,8 
,· .. 20 . 2,6 3,1 4,3 5;4 5,5 6,6 7,5 8;3 

30 2,8 3,3 4, i' 9,8 6,0 7,2 8,2 9,0 
40 3,0 3,5 5,0 6,2 G,4 7,6 8,7 9,6 
50 3, I 3,9 5,1 G,7 6,6 7,9 9, 0 10,0 

60 3,3 4, I 5,3 7. l 6,9 8,2 9,3 l0,2 

80 3,6 4,3 5,7 7,3 7,2 8,6 9,8 10,8 

100 3,8 4,5 5,9 7,7 7,5 9,0 10,2 11,2 
2,102 4, l 5,4 G ~ ,a 8,7 8,4 10,I 11,6 12,7 

5,102 4,6 5,8 7 ,1 9,6 9,6 11,6 13,4 14,7 

101 5,0 6,1 8,0 10,0 10,5 12,7 14,7 16,2 

2-101 5,3 6,6 8,6 10,7 11,4 13,8 16,0 17,7 

5.10• 6,7 7,5 10,2 . 11, 9 13,0 15,5 17,6 19,2 

10• 7,4 8,8 1 i, I 13,0 14,0 16,6 18,8 20,7 

2-10• 7,8 10 11,7 15 15,0 17,7 20,0 22,0 

5.10• 8,3 10,8 12,G 16 lG,O 19,0 21,6 23,6 

101 8,5 12 . 13, 1 17,7 16,9 20,0 22,7 25,0 

2.10• 8,9 13 13,6 18,6 17,5 20,8 23,9 26,3 

5-101 9,3 14 14,3 19,7 1s;5 22, l 25,5 27,9 

101 9,9 14,6 15,4 20,6 19,9 23,6 26,7 29,2 

. 2-10' 10,l 15,8 15,8 21,4 20,5 24,5 27,8 30,5 

5.10• 10,9 16,8 16,8 22,4 21,8 25,9 29,4 32,4 

10' 11,G 17, 1 17,7 23,5 22,8 27,0 30,5 33,5 
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Table 6.8 (continued) 

Mul tipliC•·· y--Radiation Energy, MeV 
ity of At-

O,GGI I 0.1 I o.~ I 0,9 I 1,0 I 1,25 I 1,5 I 1,i5 
tenuation 

1,5 1,8 2; I 2,2 2,3 2,3 2,3 2,3 2,4 
2 2,8 3,0 3,2 3,3 3,4 3,6 3,8 3,9 
5 5,3 5,7 6,0 6,3 G,5 6, 9 7,3 7,7 
8 6,5 6, fl 7,4 7,7 8,0 8,7 9,2 9,7 

. lU 7, I 7,3 7,8 8,2 8,5 9,3 10,0 10,5 
20 8,6 8,9 9,5 10,0 10,5 11,5 12,2 13,0 
30 9,6 9,8 10,5 11,0 11,6 12,7 13,7 14,4 
40 10,2 10,4 11,1 11,8 12,4 13,6 14,7 15,5 
50 10,7 10, !) 11,6 12,3 

'\ 
13,0 14,4 15,5 16,5 

60 11,l 11,2 12,0 12,7 13,4 14,8 16,0 IG, 9 
80 11, 7 11,8 12,6 13,3 14, I 15,5 IG,8 17,9 

100 12,2 12,2 13, 1 M,0 14,7 IG,3 17,6 18,8 
2-102 13,6 13,8 14,7 15,6 16,4 18,2 19,7 21,0 
5,102 15,6 15,8 16,9 17,7 18,6 20,5 22,4 24,0 

101 18,0 17,5 18,6 I 9,5. 20,4 22,5 2·1,6 2i,,•1 
2,103 18,5 19, 0 20,2 21,2 22, I 24,4 2G,!i 213,4 
5.101 20 20,7 :n,1 23,3 24,4 27,5 29,4 31,5 

104 21,6 22,2 23,6 24,9 26,2 28,9 31,4 33,7 
2.JO' 22,8 23,6 25,2 2G,5 27,8 30,9 33,6 36,0 
5.10• · 24,6 25,5 27, I 28,5 30,0 33,3 36,3 39,9 

105 26 26,9 28,6 30,3 31,8 35, I 38,2 40,9 
2.J05 27 28,4 30, I 31,8 33,3 3G,8 40,0 42,9 
5, 11)6 29 30, I 32,0 3:1,8 :i:i,5 :m,2 42,6 45,9 

10• 30 31,5 3:3,!i 35,·1 a7, I 41,0 4-1,6 47,8 
2, I ()C 31,8 32,!) 35,0 36,9 38,7 42,8 46,5 50,(\ 
5.10, 33,7 3·1,8 37,0 39,0 40,8 45, 1 49, I 5,, (l ~.-

10' .34,8 36, 1 38,4 40,5 42,4 46,9 51,1 55,0 
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Table 6.8 (continued) 

Multiplic- y-Radiation Energy, MeV 
ity of At..:. 

2.0 I 2,2 I 2.,51 3,0 I 4,0 I 6,0 I 8,0 I tenuatiori 10,0 

1,5 2,5 2,5 2,G 2,9 2,5 2,4 2,4 2,0 
2 4,0 4,0 4,3 4,4 4,2 4, 1 4,0 3,4 
5 8,1 8,4 8,7 9,0 9, I 9,1 8,9 8,0 
8 10, 1 10,4 10.n 11,2 11,4 11,6 11,4 10,4 

to 11,0 11,3 11,9 12,2 12,5 12,7 · 12,6 12,0 
20 13,7 14, I 14,9 15.~ 16,0 16,4 16, I 15,0 
30 15,1 15,6 16,6 17,0 17,8 18,6 18,2 17,0 
40 16,3 l(i,8 17,G 18,3 19, I 20, I I 9, 7 19,0 
50 17, I 17,6 18,6 19,3 20,2 21,2 20,8 20,0 
60 17,7 18,3 19,4 20,0 21,0 22,0 21,7 21,0 

80 18,8 19,4 20,6 21,3 . 22,3 23,4 23,2 22,0 

100 19,7 20,4 21 ,5 22,3 23,4 24,6 24,4 23, I 
2,102 22,2 23,0 24,3 25,2 26,6 27,8 27,8 27,0 

5.102 25,5 2G,G 27;9 29, 1 30,7 32,3 32,3 31,2 

10• 28,0 29, I 30,7 31,9 33,7 35,6 35,6 35,0 

2,101 30,3 31,6 33,5 34,7 3G,7 39,0 39,0 38,0 
\ 5. 10• 33,4 34,7 3G,9 38,2 40,3 43,2 43,2 42,2 

I 04 35,8 37,2 39,G '11,0 43,2 46,5 4G,6 46,0 

2, Ill' 38, I 3!1,5 42 43,8 46,0 4!),6 :;o,o 49,8 . 

5. 10• 41,2 42,7 ,ff,, 7 47,2 4!l, !) 53,9 54,3 54,2 

101 ·13,5 '15, I 48,G :;o,o 53,0 57,2 57,8 57,7 

2,101 45,6 47 t 4 51 52,7 !i6,0 60,2 61,0 61,0 

5,101 ·18,8 50,4 54,5 56, I 60,0 64,4 65,3 65,1 

10• 51,0 53,0 56,8 58,8 63,0 67,5 G8,5 68;3 

2,10• 63,3 65,6 60 61,6 66,0 70,6 71,7 71,6 
I 

5. 10• 56,3 58,6 62,6 65, I 70,0 75,0 76;2 76, 1 

10' 58,6 61,2 65, 1 67,8 72,8 78,0 79,4 10;3 
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The radiation spectrum is broken down into m energy intervals with an effec
tive energy inside each interval E1 , E2 , ... , Ein and corresponding contribu
tions (percent) n1, n2, .•. , nm to the dosage power or radiation intensity 
(usually 3-5 intervals are taken, that is, m = 3-5). For each interval, 
considering the effective energy and the intensity (the dosage power) the 
required thickness dis determined (according to the attenuation of the dos
age power to the required level). Here as many different values of the 
shielding thickness will be found as energy intervals selected. The main 
one among them is the one the thickness of which is the greatest--dr, A 
smaller, but next to the greatest thickness, is designated dk and is called 
competing. 

Then with good approximation the final thickness must be found from the ex
pressions: 

if (dr - dk) = 0, then d = dr + 61/2 

if O < (dr - dk) < 61/ 2 , then d = dk + l 1/ 2 

if (dr - dk) > 61/2, then d = dr 

(6.21) 

where 61;2 is the half-attenuation layer in the shielding thickness range of 
dr or dk; 61; 2 is found from the universal Tables 6.6-6.10 as the difference 
in thickness between the double values of the multiplicity of attenuation. 
Here the energy is selected in the spectrum which gives the greatest value 
of 61/2 which can also correspond to the main and competing lines, for they 
can with invariant spectral composition of the source radiation vary from 
spot to spot as the absolute value of the shielding increases. This takes 
place in view of the effect of two factors: the line energy and the line 
contribution (percent) to the dosage power. Sometimes there is no necessity 
for performing the calculation with respect to many lines in the spectrum, 
for the lines for which the energy and the contribution to the radiation in
tensity are small can be dropped. 

For some, frequently used irradiators (Ra226 , Co60 ) having a complex y-radi
ation spectrum, nomograms are convenient which give the relation between the 
thickness of the shielding and the multiplicity of the attenuation (Figures 
6.1, 6.2). The possibilities and the errors of these nomograms are the same 
as for the universal tables. 

When there is no shielding the power of the exposure dosage P and exposure 
dosage D of they-radiation in the time t of the point isotropic source is 
found by expressions (2.12)-(2.14). 
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' Table 6.9. Thickness of the Shielding Made From Lead Glass Type TF-1 (cm) 
(p = 3.86 g/cm3) for Different Multiplicity of.Attenuation of 
y~Radiation (a broad beam) [10) 

. -· 
Multipl 

of 
Attenua 

icity 

tian 

1,5 
2,0 
5,0 

8 
10 
~o 
30 
40 
50 

60 

80 

100 

2-101 

5. 102 

101 

2. 101 

5. JOI 

J04 

2, )04 

5. l(}I 

JOI 

2-101 

5-101 

10• 

2.10• 

5. 101 

JO' 

0,1 I 
0,4 
0,5 
1,0 
1,1 
1,2 
I I Ci 

I, 7 
1,8 
1,9 

2,0 
.. 
2, I 

2,2 

2,4 

2,8 

3,0 

3,2 

3,6 

4,0 

4,2 

4,4 

4,6 

5,0 

5,2 

5,4 

5,8 

6,0 

6,2 

y-Radiation 

I 0,3 I I I I I I I I 0,2 0,4 o,r. 0,6 0,7 0,8 0,9 1,0 

0,6 0,9 1,2 1,5 .1,8 2, I 2,3 2,5 2,7 
0,8 1,4 1,9 2,4 2, 9_ 3,4 3,8 4,3 4,6 
1,6 2 I 9 4,0 5, I 6,2 7,3 8,2 9, I 9,7 
2,0 3,6 5,0 6,4 7 1 9 9, 2 10,2 11,3 12,3 
2,2 4,0 5,4 7, I 8,G 10,0 11,2 12,4 13,4 
2,7 4,9 G,7 

I 
8,9 10,8 12,6 14, I 15,7 16,9 

3,0 5,5 7,4 !), !) 12, I 14,0 15,8 17,4 18,8 
3,2 5,9 8,0 10,6 I :i I I 15,0 16,9 18,7 20,2 
3,4 6,2 8,4 11,2 1:1, 7 15,8 17,8 .19, 7 21,2 
3,6 6,5 8,8 I t',6 14,3 16,4 !S,5 20,4 22,0 
3,8 6, !) 9,3 12,4 15,2 17,4 19,7 21, 7 23,4 
4,0 7,2 9,7 12,9 15,8 18,2 20,5 22,6 24,4 
4,7 8,2 11,I 14,7 17,8 20,5 23, I 25,4 27,4 
5,4 9,4 12,8 16,8 20,4 23,G 26,5 29,2 31,4 
G,0 10,4 14,2 18,5 22,5 26,0 29,2 32,2 34,5 
6,7 11,4 15,6 20,3 24,4 28,3 31,8 35,0 37,5 
7,4 12,6 17,3 22,4 27,0 31,4 35,2 38,7 40,5 
8,0 l:\,(i 1s,r, 24,0 29,0 :n,R 27,8 41,G 44,5 
8,7 14,6 20,0 2::i,8 :11, I 3G, I 40,5 44,4 47,5 
9,4 15,8 21, 7 27, !) a.1,1 :m,2 4:l, H 48,2 51,5 

10,0 16,8 23,0 W,4 3!'!,fi 41 , fi 46,4 51 ,0 !i4,5 
10,7 17,8 24,4 31,2 37,G 43,!J 49,0 53,8 57,5 
11,4 19,0 26, I 33,3 40,2 47,0 52,5 57,6 61,G 
12,0 20,0 27,4 35,0 42,2 49,2 56,0 60,4 64,4 
17,1 21,0 28,8 36,8 44,2 51,9 58,8 63,2 67,4 
13,4 22,2 30,5 38,9 4G,8 55,0 62,3 67,0 71,5 
14,0 23,9 31,9 40,fi 48,8 57,2 65,8 (i!),8 74,4 

I I 
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Table 6.9 (continued) 

Energy, MeV 

11.2511·611.75 I 2.0 I 2.21 · 3,0 I •.o I 6.0 I s.o I IO.O 

3,1 3,5 3,8 4,0 . 4,2 4,6 4,8 
5,1 5,8 6,3 6,6 7,0 7,5 8,0 

11,2 12,5 13,4 14,2 · 14,8 16,0 16,7 
14,0 15,7 16,9 17 t !} 18,7 20,3 21,0 
15,4 17, 1 18,4 19,4 20,3 22,2 22,8 
19,3 21,4 23,2 24,6 26,5 28,0 28,8 
21,6 24,0 2~,8 27,3 28,4 31, 1 32,2 
23,2 25,6 27,6 29,2 30,4 33,3 34,6 
24,3 26,9 29,0 30,8 32,0 35,0 36,4 
25,3 28,0 30,2 32,0 33,2 36,2 38,0 
26,8 29,6 32,0 3·i, Cl 35,2 38,4 40,4 
27,9 30,9 33,3 35,4 36,6 40,0 42,2 
31,4 35,0 37,6 40,0 41,4 45,3 48,2 
36, I 40,2 43,3 46, l 41,7 52,4 [;5,8 
39,7 44,3 47,9 50,6 52,4 57,7 GI,:-:, 
43,2 48,2 51,9 55,3 57,3 63,2 67,7 
48,0 53,4 57,6 61,4 63,6 I 70,2 7[i,4 
51 ,6 57,4 62,0 66,0 68,6 75,7 81, 1 
55,2 61,6 66,4 70,4 73,4 81,0 87,0 
60,0 66,8 72,0 76,7 79,G 88,0 94,7 
63,4 70,3 76,2 81,2 84,2 93,4 100,4 
67,2 74,8 80,6 85,9 89,2 98,6 106,4 
71 ,8 80,0 8G,3 92,0 95,4 105,8 113,8 
75,3 84,0 90,8 96,3 100,0 111,0 119,5 
79, I 88,5 95,2 IOI ,0 105,0 116,2 125,5 
83,7 93,7 l00,9 10!,,9 111,2 123,4 132,9 
87,2 97,4 l05,2 11i';4 · 115,7 128,7 138,7 
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4,5 4,4 

7,3 6,4 
16,1 14,7 
20,4 19,0 
22,2 21,0 
28,G 21;2 
32,4 30,8 
35,0 33,4 
37,0 35,4 

38,6 37,0 

41,2 39,6 

43,2 41,5 

49,5 47,8 

57,8 56,0 
[,4,3 62,6 

70,6 68,7 

78,8 77,U 

85,4 83,4 

n 1 , 1 89,G 

IOO,o/ 97,9 

IOG,2 104,2 

112,6 110,4 

t20,9 118,6 

127,2 124,8 

133,6 131,0 

141,9 139,2 

148,2 145,4 

~ 

4,0 

5,8 
13,5 
17, r, 
19,7 
25,8 
29,4 
32,0 
34,0 

35,5 

38, 1 

40,0 

46, 1 

54,2 

60,4 

66,6 

74,6 

80,8 

87,2 
()~ tl 
... "' .. 

!'11, 2 

107,3 

115,4 

121,, 5 

6 127, 

137,7 

141, 8 
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Table 6.10. Thickness of the Shielding Made of Lead (cm) (p = 11.3 g/cm3) 
for Different Multiplicity of Attenuation of y-Radiation (a 
broad beam) [6, 11] 

1,5 

2 

5 

8 

1 , 2 I , 2 1 , 27 1 , 3 

2 , 0 2, 0 2 , 07 2, 1 

4,3 

5,5 

5,9 

7,G 

8,5 

4 , 4 ' 4 , 54 4 , G 

5, 7 5,8 -5,9 

G,1 6,4 
1

6,5 

7 ,8 8,2 8,3 

8,8 9,1 9,3 

1,2 

2,0 

4,5 

5,8 

6,4 

8,2 

!),2 

1,0 0,9 O,!.l 

1,6 1,5 1,35 

3,8 

5,0 

5,5 

7, 1 

8,0 

3,3 

4,3 

4,9 

6,3 

1,2· 

3,0 

3,8 

4,2 

5,6 

6,3 

10 

20 

30 

40 

50 

60 

80 

9, I fl,4 fl,8 10,0 U,U 8,7 7,8 6,8 

9,6 10,0 10,4 10,G 10,5 9,2 8,3 i,:1 

10,1 10,4 10,8 11,0 10,9 9,7 8,7 7,7 

10,7 11,1 11,5 11,7 11,6 10,4 9,4 8,2 

100 11,3 11,7 12,0 12,2 12,1 10,9 9,9 8,7 

2 .J 02 12, !) 13, 4 13, 8 14, 0 13, 8 12, G 11 , 4 to, 2 

5,101 l&,O Hi,1 1&,!.l 16,3 16,1 14,9 13,3 11,9 

1()1 

2, 1(11 

IG,5 17,0 17,7 18,0 

17,9 18,5 l!J,3 19,7 

17,8 16,5 15, 1 13,3 

19,5 18, I 16,6 14,8 

5, 10' l!),8 20,5 21,5 21,!I 21, 7 20,3 18,5 lG,G 

10• 21,3 22,1 23,1 2:3,5 23,4 22,0 20,1 18,0 

2,104 22,7 23,& :z,1,G 25,1 25,0 23,G 21,7 19,5 

5.101 24,7 25,5 :!G,7 27,3 27,2 25,8 23, 7 21,5 

101 2G, 2 :.!7, 0 28, 3 28, 9 28, 9 27 ,5 25,3 22, 9 

2-101 27,G 28,5 30,5 29,!) 30,5 29,2 26,9 24,3 

5' JOO 29 I 5 30 t 4 32 I 7 32 ~ 0 32 I 7 31 I 4 28 I 9 26 I 3 

tu0 31,0 32,0 32,0 33,0 34 I 4 33 IO 30 I 4 27 I; 

2,108 32,4 33,5 33,5 35,2 36, 1 34,6 32,0 29,2 

5.10• 34,3 35,5 35,5 37,2 38,3 36,8 34,0 31,1 

10' 35,8 37 ,0 37 ,0 38, 9 39,9 38,4 35,5 32,5 
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Table 6.10 (continued) 

r1u1tiplic-·· y--Tiadiat ion F.nergy, MeV 

ity of At-
0,1 I u, 1421 0,2 I 0,279 I 0,3 I o.•• I -0,5 I 0,6 

tenuation 

1,5 o,05 I 0.01 0, 1 0, 14 0, 15 0,2 0,2 0,3 

2 0,1 0, 14 0,2 0,28 0,3 0,4 0,5 0,7 . 
5 0,2 0,30 0,4 0,56 0,6 0,-9 1,1 1,5 

8 0,2 0,3 0,5 0,64 0,8 I, I 1,5 1,95 

10 0,3 0,4 0,55 0,8 0,9 1,3 1,6 2, I 
·' 20 0,3 0,4 O,G 1,0 1,1 1,5 2,0 2,6 

30 0,35 0,5 0,7 1,0 1, 15 1.,7 2,3 3,0 

40 0,4 0,6 0,8 1,20 1,3 1,8 2,4 3, 1 

50 0,4 0,6 0,85 1,28 1,4 1,95 2,6 3,25 

60 0,45 0,6 0,9 1,3 1,45 ·. 2,05 2,7 3,45 

80 0,45 0,7 1,0 1, 4 1,55 2, 15 2,8 3,7 

100 0,5 0,7 1,0 1,5 1,G 2,3 3,0 3,85 

2-101 0,6 0,8 1,25 1,8 1,9 2,6 3,4 4,4 

5.102 0,65 1,0 1,4 2,0 2,2 3, 1 4,0 5,1 

to• 0,7 1,0 1,5 2,2 2,4 3,3 4,4 5,7 
.. 2-101 0,85 1,2 1,7 2,5 2,7 3,8 5,0 6,3 

5.101 0,9 1,3 1,9 2,8 3,0 4,2 5,5 7,0 

101 1,05 1,5 2, I 3,0 3,3 4,55 5,9 7,5 

2-101 1,1 1,6 2,2 a;2 3,5 4,85 6,3 8,0 

5,10• l, 15 I ,G5 2,35 3,4 3,7 5,2 6,9 8,7 

101 1,15 1, 7 2,4 3,5 3,8 5,4 7,2 9,2 

2.10• 1,3 1,85 2,6 3,8 4, 1 5,7 7,6 9,6 

5.101 1,4 2,0 2,8 4,1 4,4 6, l 8,2 10,2 

10• 1,45 2, I 3,0 4,3 4,7 6,5 8,7 10,9 

2,10• 1,55 2,2 ,3,2 4,6 5,0 7,0 9, 1 11,5 

5.10• 1,65 2,3 3,3 4,9 5,3 7,3 9,6 12, 1 

10' l, 7 2,4 3,4 4,5 5,4 7,6 10, l 12,6 
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Table 6.10 (continued) 

Mul tipliC··· y ... Radiation Energy, e 
ity of At-

0,f,61 I 0.1 I 0,81. 0,9 I 1,0 I ,.2s I I,!\ I l,75J tenuation 

M V 

1,5 0,36 o, 4 O,G 0,7 0,8 0,95 I, I 1,2 
2 0,7G 0,8 1,0 I, 15 J ,3 1,5 1,7 1,85 

.. 
5 1,74 1, 9 2,2 2,5 2,8 3,4 3,8 4, 1 
8 2,2 2,3!i 2,8 3,2 · 3,5 4,2 '4,8 5,25 

lO 2,4 2,G 3,05 3,5 3,8 ,1,5 5,1 5,6 
20 3,0 3,25 3,85 4,4 4,9 5,8 G,G 7,2 
30 3,4 3,G5 ~.3 4,95 5,5 G,5 7,3 8,0 
40 3,5 3;5 4,5 5,2 5,8 G,85 7,8' 8,6 
50 3,7 3,95 4,G 5,3 6,0 7,2 8,2 9,0 
6C 3,9 4,2 4,95 5,6 G,3 7,5 8,G 9,5 
80 4,2 4,5 5,3 6,0 6,7 8,0 9,2 10, I 

JOO 4,4 4,7 5,5 6,3 7,0 8,45 9,li5 10,G 
2.J01 4,9 5,3 6,3 7,2 8,0 9,65 I I, I 12,2 
5. 101 5,7 6,1 7,2 

I 
8,2 9,2 11,3 12,9 14,2 

1(11 6,5 6,95 8, I 9,2 10,2 12,3 H,I 15,5 
2,IIP 7,1 7,6 8,8 · 10,0 . ti I I 13,5 15,4 16,8 
5.ioa 7,9 8,5 9,0 11,2 12,4 14,9 17,0 18,6 

104 8,5 9,1 10,6 12,0 l:l, 3· 16, I 18,3 211,t 
2,10' 0,0 9,7 11,3 12,8 14,2 17,2 19,5 21,4 
5, IQl 9,8 10,5 12,3 14,0 15,6 18,8 21,4 23,3 

10• !'.l,4 11,1 13,0 !·!,8 16,5 20, I 22,7 24,7 
2-101 10,8 11,6 13,6 15,5 17,1 21,3 21, I 26, I 

· 5. 101 11,5 12,3 14,4 16,5 18,5 22,3 25,1 27,8 
10• 12,2 13, I l:i,3 17,5 19,5 23,5 2fi,fl 29,2 

2. 10• 13,0 14,0 16,3 18,5 20,4 24,4 :.:7.8 ao;-5 
5-IO• 13,7 14,7 17,2 19,5 21,6 21.i,2 29,7 :l2,3 

10' 14,2 15,2 17,8 20,3 22,5 27,5 31,2 33,!) 
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If we take the weekly· exposure dosage of 0.1 roentgens as admissible and the 
daily dosage of 0.017 roentgens as admissible (NRB-76 standardizes only the 
quarterly and annual doses) then the satisfaction of these conditions will 
have the form 

Mt/R2 i 20, (6.22) 

where Mis expressed in mg-equiv, Ra; R is the distance from the source, meters. This expression makes it possible to select the operating time with 
the source., the distance to the source and its activity, providing, in this case, shielding either by "time," or "distance and amount" or all factors 
immediately. 

For the same safety conditions (the exposure dosage of 0.1 roentgen per week is taken as the admissible) it is convenient to use the nomogram presented 
in Figure 6.3. The inclined lines on the nomogram correspond to the time t of operation with the source in hours per week (from 1 to 84 hours). If it is necessary to vary the adopted safety conditions, that is, to establish 
another dosage in a week as admissible, then it is sufficient to introduce 
the corresponding factor into the parameter Mon the nomogram for its use 
under new conditions. 

• During operation of the X-ray machines shielding from primary and scattered radiation is required, the attenuation of which in lead and iron is pre
sented in Tables 6.11 and 6.12. 

The power of the dosage created by the X-ray devices is proportional to the current strength in the X-ray tube, the voltage applied to the anode and the 
distance from the anode (for.example, for a voltage of 200 kv and a current of 1 milliamp at a distance of 1 meter the dosage ,power of the primary X
radiation is 1 roentgen/minute). Using the well-known values of the yield 
of X-radiation with different voltage on the tube (the yield depends little on the type of tube) and also the attenuation coefficients of this radiation in lead and concrete (density 2.35 g/cm3 ), it is possible to calculate the 
tables (or the nomograms) of required thickness of the shielding insuring 
the given admissible conditions of labor (Tables 6.13 and 6.14). As the initial parameter in Table 6.13 we have the expression 

K' =It• 100/(R2 • 36D), ( 6. 23) 

where I is the current strength in the X-ray tube, milliamps; tis the radiation time, hours/week; R is the distance from the tube anode, meters; D is the admissible weekly dosage, milliroentgens. For example, for D = 100 milliroentgens and 36-hour work week K' = I/R2. 

When calculating the thickness of the khielding structures it is recommended 
that a twofold Q-factor margin for the shielding be. ~ntroduced, that is, the calculated value be increased by one-half attenuation' layer. 
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Table 6.11. Thickness of the Shielding Made of Iron (mm) for Different Mul
tiplicity of Attenuation of X-Radiation [46] 

Multiplic- Volta~e on Anode of an Electron Device, kv 

i ty of. At- JO I 1, I " I " , . "' I l< I " I ,, I " tenuat1on 

2 - - - - - -
5 - - - - - 0, I 

10 - - - - 0, 1 0,2 

20 - - 0, I 0, 1 0,2 0,3 

50 - - .0,2 0,2 0,3 0,4 

100 . - - 0,2 0,2 0,3 0,5 

2-102 - - 0,2 0,3 0,4 0,6 

5. 102 - - 0,3 0,3 0,5 0,8 

to• - 0, I 0,3 0,4 0,Ci 0,9 

2-101 - 0, I 0,3 0,4 0,7 I, I 
5. 101 - 0,1 0,4 0,5 0,8 1,2 

JO• - 0,2 0,4 0,5 0,9 1,4 
2, 10·1 - 0,2 0,4 0,G 1,0 1,5 
6.JO• - 0,2 0,5 0,7 1, I 1,7 

101 - 0,2 0,5 0,7 1,2 1,8 
2.101 - 0,2 0,5 0,8 1,3 1,9 
5. 101 - 0,2 0,5 0,8 l, 4 2, I 

10G - 0,2 0,6 0,9 1, 4 2,2 
' 2,10' 0,3 - 0,6 1,0 1,5 2,3 

5,101 - 0,3 0,6 1,0 1,6 2,5 
10' - 0,3 0,7 1,1 1, 7 2,6 

2-10' - 0,3 0,7 1,1 1,8 2,8 
6, 10' - 0,3 0,7 1,2 1,9 2,9 

10' - 0,3 0.8 1,2 2,0 3,1 
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(l, I 0,1 

0,2 0,3 

0,3 0,4 

0,4 0,6 

0,6 o, !) 
0,8 1,1 

1,0, 1,3 

1,2 1,6 

1,4 I , 9 

1,6 2,2 

1 ,9 2,6 

2, 1 2,8 

2,3 3, I 

2,5 3,5 

2,7 3,8 

2,9 4, 1 

3,2 4,4 

3,4 4,7 

3,6 5,0 

3,8 5,4 

4,0 5,7 

4,2 6,0 

4,5 6;4 

4,7 6,6 

0,2 

0,4 

0,6 

0,9 

1,3 

1,6 

2,0 

2,4 

'}' 7 

3, 1 

3,6 

3,9 

4,3 

4,9 

5,3 

5,7 

6,2 

6,6 

7,0 

7,5 

7, 

8, 

8, 

9, 

9 

3 

7 
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Table 6.12. Thickness of the Shielding Made of Lead (mm) for Different Multiplicity of Attenuation of X-Radiation [46] 

~ultipliciVoltage on Anode of an Electron Device, kv 
i ty of At 30 \ 40 \ 50 I GO \ 10 I so · 1 100 • tenuation 

2 - - - - - 0,2 0,2 

5 - - - 0, 1 0, 1 0,4 0,4 . 
10 - - 0,1 0,2 0,2 0,5 0,6 

20 - 0, 1 0,2 0,2 0,3 0,6 . 0,8 
, ' 0,4 50 - 0, 1 0,2 0,3 0,8 1 , 1 

100 - 0,2 0,2 0,4 0,5 1,0 1,3 

2, JOI - 0,2 0,3 0,5 0,6 1, 7 1,5 

5.J01 - 0,2 0,4 0,6 0,8 1,4 1,7 

)01 0, 1 0,3 0,4 0,7 1,0 1,6 1,9 

2· 101 0,2 0,3 0,6 0,8 1, 1 1, 7 2, 1 

5. 101 0,2 0,3 0,6 0,9 1,3 1,8 2,4 

104 0,2 0,4 · 0,6 I, I 1,5 2, I 2,7 

2-104 0,2 0,4 0,7 1,2 1,6 2,3 2,9 

5-104 0,2 0,4 0,7 1;3 1,8 2,5 3,2 

101 0,2 0,5 0,8 1,4 2,0 2,7 3,5 

2-101 0,3 0,5 0,9 1,5 2, 1 2,8 3,7 

5.10• 0,3 0,5 0,0 1,6 2,3 3,0 4,0 

10• 0,3 0,6 1,0 1,7 2,5 3,2 4,3 

2.10• ;0,3 0,6 1,0 1,8 2,6 3,4 · 4,6 

5,10• 0,3 0,6 1 , 1 2,0 2,8 3,6 4,9 

10' 0,4 0,7 1,2 2, I 3,0 3,8 5,2 

2, 10' 0,4 0,7 1,3 2,2 3, 1 3,9 5,4 

6.JO' 0,4 0,7• 1,3 2,3 3,4 4,2 5,7 

IO' 0,4 0,8 1,4 2,4 3,5 4,4 6 
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Table 6.13. Thickness of the Shielding Made of Lead (mm) and Concrete (cm) as a Function of the 
Voltage on the X-Ray Tube for Different Values of the Para.meter K' [46] 

{ 1 ) Hanp,r>KeH11e Ha aHo.J.e, 1<B. 

K' 75 I 100 125 I 150 175 I 200 25J I 300 
Caiuieu CsRHeul 6eTOH _ca,;Hett I EeroH CsHHeu I 5eTOH CBHHett j 6eTOH Cmrneu I 6eTou CeRHeu I 5eToH CaHHeu I &,,c;,, 

(2) {3) 
0,001 - - - 0,5 - 0,5 - I - I - 1,5 - 2 -0,002 - 0,5 - 0,5 - l - 1,25 - 1,25 - 2 - 3 -0,003 0,5 0,5 - 0,75 - 1 - 1,5 - 1,5 - 2,5 - 4 -0,005 0,5 0,75 - I - 1,25 - I, 75 - 2 - 3 - 4,5 -0,()1 0,75 I 7 1.25 IO 1,5 f4 2 17 t) ?~ 18 3,5 20 6 :26 ... ,-0 
0,02 I I 8,5 1,5 14 1,75 15 2 17 2,5 20 4 23 1.2 I :29 0,03 I 1,25 10 I ,5 14 2 17 2,5 21 2,75 22 4,5 24 8,3 31 0,05 1,25 1,5 12 1,75 15 2 18 2,5 22 3 24 5 27 10 34 0, l 1,25 1,5 13 1,75 16 2,25 20 2,75 23 3,5 27 5,75 30 11. 5 ,, .. ..,, 0,2 1,5 1, 75 14 2 16 2,5 22 3 25 3,75 30 6,5 34 13 40 0,3 1,5 2 16 2,25 18 2,75 23 3,25 27 4 31 7 35 13,5 .JI 0,5 1, 75 2,25 17 2,5 20 3 25 3,5 28 4,5 32 7,5 37 1-t,5 43 1 2 2,5 18 2,75 22 3,25 27 3,75 30 5 35 8,5 40 · 16,5 46 2 2,25 2,75 21 8 24 3,5 29 4,25 33 5,5 .38 9,5 43 18 49 3 2,5 2,75 - 3,25 - 4 - 4,5 - 5,75 - 10 - 19 -' 5 2,75 3 22 3,5 30 4,25 34 5 3fi 6 40 10,5 46 '>() I -.-, 

2r 5 I 
.,_ 

10 2,75 3,25 24 3,75 32 4,5 36 5,25 33 6,5 43 11,5 49 56 20 
_t,. 

3 3,5 25 4 34 4,75 40 5,75 43 7 46 12 52 23,5 60 30 3 3,5 4,25 5 6 7,5 13 24,5 50 3,25 3,75 27 4,5 36 5,25 42 6,5 45 7,75 48 13,5 57 25,5 62 100 3,5 4 30 4,75 38 5,5 43 6,75 47 8,25 50 14 58 27 65 I 

Key: 1. Voltage on anode, kv 
2. Lead 
3. Concrete 
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Table 6.14. Thickness of the Shielding Made of Lead (mm) and Concrete* (cm) 
Insuring Attenuation of the Secondary Radiation Dosage Power ~o 
the Admissible Value [46] 

{ 1 ) l lanp,!IKCIIIIC ua a110 ., 
I(' 10.J l ,~o I 2uo, 

Ce1111cnl 6CTCH CRHlll~ul r .. ·TOII C11m1c11l r.crn 

0,01 (~ )I q) o, 1 3 0,2 4 . o.o~ 0,2 3,~ 0,3 4,5 0,5 G,5 
0,03 0,4 4,5 0,5 5,5 0,8 9 
0,15 0,5 5,5 0,8 8 I 12 
0,1 0,7 f,,5 1 to 1,4 14 
0,2 0,9 8 1,2 12 1,8 17 
0,3 I 8,5 1,3 13 2 18 
0,5 1,2 10 1,5 14 :l,2 19 

I 1,4 12 1,8 16 2,6 22 
2 1,6 13 2 18,5 3 25 
5 1,8 15 2,3 21 3,6 28 

10 2, I 17 2,6 23 4, 1 30 
20 2,3 18 2 '\) 2G 4, G 34 
50 2,5 20 3,2 28 5, I 37 

100 2,8 22 3,5 31 5,G 39 

Ile, 1<B 

I 2r;O I .Jru 
;'. Ce1111rnl r,noa Cn1111e11j Ec,011 . 

0,3 5 0,6 7 
0,8 7,5 1,2 9,5 
1,2 10 2,3 12 
1,5 12,5 3 14,5 
2 15 4 17 

2,7 18 5 20 
3 19 5,5 21 

3,5 21 G,3 22 
4,2 23 7,5 25 
5 26 9 28 

5,8 29 10,5 31 
G,5 32 12 34 
7,3 :!G 13,5 38 
8 3\l 15 41 

8,8 42 17 44 

* If the density of the building material used (brick, concrete) is not 
equal to 2.35 g/cm3 , then the thickness of the shielding layer of concrete 
obtained from Table 6.14 must be multiplied by 2.35/p, where pis the den
sity of the material used, g/cm3 • 

Key: 1. Voltage on anode, kv 
2. Lead 

3. Concrete 

The attenuation of the radiation of the isotropic extended sources of dif
ferent configuration in the shielding of different shape and formula for 
calculation of the dosage power are described and presented in [21]. A 
characteristic feature of the transmission of radiation of extended sources 
through the shielding is the stronger attenuation of the radiation than from 
point sources of equal activity . 

. The most convenient method of calculating the shielding against the radia
tion of extended sources is discussed in [9]. For different shapes of the 
source and shielding, in the handbook the corresponding figures and equa
tions are presented describing the attenuation in the nonscattered radiation 
source. The attenuation functions of the nonscattered radiation from ex
tended sources of different configuration are expressed graphi~ally, which 
is very convenient for the practical calculations. Using the accumulation 
factors (see Table 6.4), it is possible by using the same functions- to de
termine the scattered radiation and then the dosage power after the shield
ing. 
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6.3. Protection Against Neutron-Radiation 

The attenuation of the neutron flux density by a thin layer of shielding can be calculated by formula (1.37) or (1.43). The relaxation length of the neutrons A entering into formula (1.43) depends on the energy of the incident neutrons, the thickness of the shielding material, the configuration of the shielding, the energy of the detected neutrons after the shielding, that is, the neutron detector used. The values of the relaxation length are presented in Tables 1.11-1.13 with indication of the conditions under which they are applied, that is, where the attenuation can be described by a simple exponential law exp(-x/A). However, A does not vary only in a defined thickness range x; therefore in the necessary cases values of Ai are selected for individual sections, where A is constant, and the total attenuation is calculated by summation of the attenuation in each of them: 

'f', = 'f'o exp (-- ~ 6x1t,.,), (6.24) 

where ~Xi is the thickness of the shielding of the i-th section for which the relaxation length is taken equal to Ai, Inasmuch as in the general case the behavior of the attenuation curve in the initial section at a distance 2-3 times the relaxation length can differ from exponential, the neutron flux density of the monoenergetic point isotropic source after the shielding of thickness R is defined by the expression 

(6.25) 

where N0 is the yield of the source neutrons; f is the coefficient characterizing the deviation from the exponential form of the attenuation curve near the source [in contrast to formula (1.43)]. The values of the coefficients fare presented in Table 6.15. 

Table 6.15. Coefficient of a Deviation From an Exponential Law of the At
tenuation of the Neutrons With an Energy E > 1.5 MeV at a Distance Near the Source [11] 

Medium 2 

Aluminum 
Water 
Hydrogen 
Graphite 
Iron 
Boron carbide 
Plexiglass 
Polyethylene 
Lead 

3,5 

Neutron 
4 6 

3.5 
5.4 4.6 
3.5 3.5 
1.4 
4.9 
5.0 
2.1 
2.4 
4.o 
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Energy, MeV 
8 10 14 14.9 

2.5 
4.2 3.3 2.9 3.0 
2.8 2.8 2.8 

1.3 
2.7 
1.8 
2.1 
2.5 
2.9 
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When designing shielding against neutron radiation it is necessary to con
sider that the absorption process is effective for thermal, slow and reso
nance neutrons; therefore the fast neutrons must first be slowed down. The 
mean energy loss during elastic scattering is maximal on light nuclei (for 
example, hydrogen) and minimal on heavy nuclei. The probability of energy 
loss in an inelastic scattering increases in the heavy nuclei and with an in
crease in the neutron energy. The thermal neutrons diffuse through the 
shielding until they are captured or they emerge outside its limits; there
fore it is important to insure fast absorption of the thermal neutrons by 
selecting the most effective absorbers. After capture of the thermal neu
trons, y-radiation almost always occurs which must be attenuated. 

Thus, the shielding must have hydrogen or another light material in its com
position to decelerate the fast and intermediate neutrons with elastic scat
tering, the heavy elements with a large atomic mass for deceleration of the 
fast neutrons during the process of inelastic scattering and attenuation 
from the captured y-radiation, the elements with high effective absorption 
cross section Ea of the thermal neutrons. 

The exact calculation of the transition of the neutrons through this multi~ 
component shielding is complicated, for the neutrons can either be captured 
or scattered by the nucleus; the scattering can be elastic and inelastic, 
isotropic and asymmetric; the effective neutron cross section depends on the 
energy of the neutrons and the material of the medium, and so on. Accord
ingly, for calculation of the protection against fast neutrons, different 
approximate methods are used. 

It is possible to calculate the attenuation of the fast neutrons by heavy 
materials introduced into the hydrogen-containing shielding comparatively 
simply and with a sufficient degree of precision by the semiempirical method 
of "extraction cross section" which has become widespread in practice. The 
extraction cross section is equivalent to the effective absorption cross 
section of fast neutrons. It includes the part of the total cross section 
of the elastic scattering which is caused by scattering at large angles 
(that is, the total cross section after subtracting the part corresponding 
to the angular distribution in advance). A significant contribution to the 
extraction cross section is made by the inelastic scattering, for it is more 
isotropic by comparison with the elastic and leads to large energy losses of 
the neutron. All of the processes leading to absorption of the neutrons are 
taken into account in the extraction cross section. The values of the ex
traction cross section can be calculated or obtained experimentally. 

The law of attenuation of the neutron dosage by the layer of material (dif
fering from hydrogen) placed in a uniform hydrogen-containing medium (for 
example, water) can be represented as follows: 

D(R, x) = DH(R, x)exp(-Eextractivex), (6.26) 
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where D(R, x) is the dosage at the distance R from the source; DH(R, x) is 
the dosage in the absence of the attenuating layer; Eextracted is the macro
scopic extraction cross section; xis the thickness of the layer of material 
(the plate). The extraction cross section Eextraction is found experimen
tally for some minimum distance Rmin from the investigated plate to the de
tector, beginning with which on removal of the detector Eextraction remains 
in practice constant. Thus, in order to use the extraction cross section it 
is necessary that at least a minimum amount of hydrogen-containing material 
determined by the distance Rmin be located between the introduced plate and 
the detector. 

For a uniform mixture made up of hydrogen and a heavy component: 

D(R, A)=D,(R)exp(-±•,:, p,R), 
1=1 

(6.27) 

where D(R, A) is the neutron dosage at the distance R from the source in a 
homogeneous medium; DH(R) is the neutron dosage at a distance R from the 
source in pure hydrogen with equivalent specific density; Oi is the micro
scopic extraction cross section of the i-th component; Ai and Pi are the 
atomic mass and the volumetric density of the i-th component, respectively. 
Equation (6.27) is valid if the hydrogen fraction in the mixture is about 
0.5-1 percent. 

The neutron flux density attenuation function ~H(R) for a point neutron 
source of the fission spectrum emitting N0 neutrons/sec in water is as fol
lows: 

~(R) = (N 0/41rR 2 )5.4 • R0 · 29exp(-0.928R 0 • 58 )exp(-Eextraction OR), 
2 

(6.28) 

where ~(R) is the flux density at a distance R; Eextraction o2 is the ex
traction cross oxygen for oxygen (in pure hydrogen Eextraction o2 = 0). 

The extraction cross sections depend on the energy of the fast neutrons. 
The values of the extraction cross sections vary quite weakly for intermedi
ate and heavy nuclei in the energy range of 3-15 MeV. At the same time this 
region is the defining region in the fission neutron spectrum. For light 
elements such as beryllium, boron, hydrogen the extraction cross-section in
creases significantly for 3 MeV. In the 0.5-1 MeV range a significant vari
ation of the extraction cross section is observed (basically repeating the 
dependence of the total cross section on the energy). 

The attenuation of the neutron flux density when measuring the extraction 
cross section can be recorded by different neutron detectors: for example, 
the thermal neutron detector (a proportional counter filled with BF3 ), a 
fission chamber with Th232 (effective threshold 2 MeV), the Cu63 (n, 2n)Cu62 

indicator (effective threshold 12.8 MeV). As follows from Table 6.16, the 
neutron extraction cross sections with an energy of 15 MeV measured by dif
ferent detectors coincide within the limits of error of the experiment. 
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On the basis of the experimental data it is possible to consider that the 
water layer 45 cm thick is sufficient to use the extraction cross section 
method for the majority of materials. The microscopic extraction cross sec
tions experimentally measured for the neutrons of the fission spectrum by the 
thermal neutron detector located in the water at a distance of 140 cm from 
the extracting layer are presented in T~ble 6.17. 

Table 6.16. Extraction Cross Section for Certain Elements Measured by De-
tectors With Different Energy and Thresholds of the Reactions 

Element I t/ p, IO'c111'/ g 
OF~ IStTh t>Cu 

Al 2,77±0,35 2,85±0, IG 2,63±0,22 
Fe l ,70i:0,f'4 1,68±0,08 1,81±0,11 
Cu 1,74±0,10, 1,58+0,08 1,45±0, 19 

- Pb 0,99±0,05 0,86±0,G7 0,83±0,08 

Table 6.17. Experimental Values of the Microscopic Extraction Cross Section 
for Neutrons of the Fission Spectrum [47] 

Cross Section, Cross Section, 
Material b/atom Material b/atom 

Aluminum 1.31 ± 0.05 Oxygen (0.99 ± 0.10) 
Boron (0.97 ± 0.10) Lead 3.53 ± 0.30 
Beryllium 1.07 ± 0.06 Tungsten 2.51 ± 0.55 
Bismuth 3.49 ± 0.35 Uranium 3.60 ± o.4o 
Carbon 0.81 ± 0.05 C7F16 26.30 ± 0.80 
Chlorine (1.20 ± 0.08) C2F3Cl 6.66 ± 0.80 
Copper 2.04 ± 0.11 (CHz)n paraffin, oil 2.84 ± 0.11 
Fluorine (1.28 ± 0.06) B4C 4.70 ± 0.30 
Iron 1.98 ± 0.08 B2O 4.30 ± o.41 
Lithium 1.01 ± 0.04 D2O 2.76 ± 0.11 
Nickel 1.89 ± 0.10 

Note: The values included in parentheses were obtained from analysis of the 
compounds of the elements. 

In Table 6.18 we have the values of the microscopic extraction cross section 
for neutrons with energy in the range of 0.5-15 MeV [21]. 

The values of the extraction cross section measured in heterogeneous medi'a 
can be used also to calculate the homogeneous media. The difference in 
cross sections is no more than 5-10 percent for all of the elements. 

Experimentai and calculated values of the extraction cross section for homo
geneous mixtures of a material in a hydrogen-containing medium are presented 
in Table 6.19. These values are somewhat lower than those presented in Ta
ble 6.17. 
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Table 6.18. Microscopic Extraction Cross Section of Fast Neutrons (b) by 
Different Elements 

I-
Neutron Energy, MeV 

Element o,r, 1,0 I 2,9 I 3,0 

Boron 2,31±0,18 
Carbon 3, 16±0,25 2,08±0,23 1,38±13 
Oxygen 3,2 3,4 
Fluorine 0,48±0, 19 
Sodium 2,5 . 2,5 
Aluminum 1,68±0,07 
Chlorine 1,38±0, 19 
Titanium -1 2,4±0,4 
Iron 2,36±0, 11 1,04±0;11 1,96±0,04 
Nickel 4,3 2,0 l,9±~0,03 
Copper 2,34±0,13 
Zinc 1,73±0,11 
Zirconillll 2;77±0,08 
Lead 1,22±0,78 2;87±0,63 3,72±0,1 
Bismuth 3, 78±0,33 

Neutron Energy, MeV 

Element 4,0 0,7 I 14,9 15,0 

Boron 1,04±0,05 
Carbon 
Oxygen 

1,06±0,05 0,82±0,02 0,50:t_0,02 0,82±0,6 

Fluorine 0,70±0,06 
Sodium 
Aluminum 1,24±0,11 
Chlorine 1,58±0,09 
Titanium 1,54:i:0,04 
Iron 1,89±0, 19 2,28±0,01 1,34±0, 13 1,58±0,05 
Nickel 1,5\l±0,07 
Copper 1,84±0, 10 
Zinc 1,64±0,15 
Zirconi - 1,90±0,12 
Lead 3,43±0,15 ~.76±0,15 2,94±0, 15 3,39±0, 18 
Bismuth 3,35±0,20 

It is necessary to note that the extraction cross section for the given ma
terial (see Table 6.17) does not change if instead of the water we use an
other hydrogen-containing medium (for example, carbon, lithium hydride, and 
so on). The extraction cross section changes little with thickness of the 
extracting material to the thickness equal to the relaxation length. 

The extraction cross section ak for the collimated neutron beams does not 
depend on the distance at which the detector is placed (within the limits of 
66-107 cm for the extracting material), and it exceeds the isotropic source 
cross section by approximately 20 percent. When measuring the extraction 
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cross section, a collimator 1.5 meters long was placed between the fission 
neutron source and the plate. The measurements were performed by the ther
mal neutron detector [20] (Table 6.20). 

Table 6.19. Extraction Cross Section for a Homogeneous Medium [8] 

Material 

Beryllium 
Carbon 

Hydrogen 
Lithium 

Oxygen 

Titanium 

Cross Section, 
b/atom · 

0.90 
0.72 ± 0.05 
0.70 ± 0.80 
1.00 ± 0.05 

0.90 
1.36 

0.92 ± 0.05 

1.87 

Method 

Calculation by method of moments for BeH2 
Sugar solution (c 12H22o11 ) in water* 
Method of moments for CH and CH2 
Shielding 100 cm thick was used 
Method of moments for LiH 
Experiment with collimated beam based on LiN 
Experimental comparison of water and organic 
material 

Experiment with collimated beam based on TiH 

* Corresponds to a mixture of carbon atoms and water molecules. 

Table 6.20. Extraction Cross Section of a Collimated Neutron Beam [20] 

Element 

Aluminum 
Beryllium 
Bismuth 
Roron 
Carbon 

Cadmium 
Chlorine 
Copper 
Fluorine 
Iron 
Lead 
Lithium 
Lithium 
Nickel 
Sodium 
Titanium 
Titanium 
Tungsten 

Samples 

Al 
Be 
Bi 

B.,C: 
graphite 

Cd 
cc,. 
Cu . 

Teflon t 
1;-c 
PIJ 

LIH 
LI 
NI 

NaCl 
Tl 

TIH 
al:loriumlO00 

I Cross Sectiot 
b/atom 

1.r, 1 ::LO ,oa 
1.40-1-0.0,1 
:1,!1:,:r o. i:s 

· 1.~1;:0,0:.1 
ram I. 1f+o.(:3 
to 1 ,:lO+fl,02 

2.ss+li,01 
1,9l~Fo,os 
:.1,1s~:o.os 
1,GO:_t0,05 
2,2fi+0,04 
4 .110:ro. 07 
J ,31i:+-::o,04 
l.!i7-i.:o,03 
2,32::+=o,04 
lt6rl+0,2 
2,20+0.01 

I ;fi1 
3,87±0,11 

",./" 

1,23 --
1,:u 
1, I :1 
I .25 

rem 1,23 
to 1,48 

1,59 
1.20 
1,16 
1,14 
1, 13 

1,55 
1,33 

1,15 

Note. The values of a are taken from Table 6.18. 

In many cases it is necessary to provide protection against mixed radiation 
made up of neutrons and y-quanta in a wide energy range. A nuclear reactor 
can serve as an example of this type. 
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It is known that heavy materials attenuate fast neutrons and y-radiation 
well, but intermediate neutrons poorly. They are more effectively attenu
ated by hydrogen-containing substances. Therefore it is necessary to find 
the combination of heavy and hydrogen-containing substances which will give 
the best effect. The characteristics of the most favorable binary combina
tions of such materials (without considering economic and structure arguments) 
are presented in Table 6.21, in which Ab is the relaxation length of the dose 

power of the fast neutrons (with an energy EH > 0. 2 MeV); \r is the same for 

intermediate neutrons (0.4 eV <EH< 0.2 MeV); AT is the same for thermal 

neutrons (E < 0.4 eV); A is the same for y-radiation (E ~ 6MeV); A is the 
TI y y 

same for y-n-ernission.· The thermal neutrons are especially effectively 
attenuated by the materials presented in 6.22. 

Table 6.21. Optimal Combination of Shielding Material 

-
Combination 

of c.!! 
. 

Materials • ::,. 

I 

Au 
Re 
or 
Co 
or 
Pd 
or 

or Pt, Os, Ir~ 64 

Au 
Re 
He 

' 
polyethylene 

paraffiR 
; polfet ylene 
para fin 

;P~~¼fflgylene 
or Pt, Os, Ir 

; H20 
(94% 

1 
avy metal 

·lOz H2Q 

Table 6.21, Continued 

G5 

G5 

t 59 

59 

;>,; 

.. 
~ ... , 
o. 

12.8 

6, 1 

8,2 

11,8 

11,5 

---
Relaxation length of do 

8 --· 
. r ). 1 · ).II I ).T I lr I ). 

J~ b 

2,8 6,3. G,3 <2 2 6, 3 

2,8 6,4 6,4 <2 4,8 6,4 

2,8 6,5 G,5 <2 3,5 6,5 

2,8 6,!J 6,5 - 2,2 6,5 

2,8 G,5 Gr: ·" <2 2,3 G,5 

sage 
power ,cm 

1, r•laxa tion Combination -1-1· 

of •..-1 
~ (I)" 

i:: a _:i::; ).b I )'II I 
length of 
) I ).T I 

do 
po 

s, e 
wer,ctn 

Fe; 
0 

·Materials 

polyethylene 
r paraffin 
Co; 1120 
Pd; 11 20 
Fe· 11,0 

Pb; 
Heav 

polyethylene 
v concrete 

Ord 
Ph; 11 20 
inary concrete 
11~0 

;. I~~ 

Gli 5,5 

(j,) 5,7 
lill 7 ,7 
GI 5, I 
21 3, 1 

100 3,K 
71 R,4 

100 2,3 
100 1,0 

T 
... -: l,. 

2,8 6,G G,6 <2 . 6,6 

2,7 6,8 (i,8 <2 5, I 
2,7 6, !) 6,!) <2 3,7 
2,6 7 7 <2 6,8 
G,3 8,7 2,!) <4 8.7 
1,2 !) >6 :::,2 9 
1,9 n,r, U,G <4 3,4 
1,2 12 >G >3 17 
6,7 10 2,6 2,8 39 

V*--volumetric fraction of the heavy component 
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6,6 

6,8 
6,9 
7 

8,7 
9 

9,G 
17 
39 
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Table 6.22. Materials With Relaxation Length of the Thermal Neutrons of· 

L'. » 1 cm 
. ····-----~ ---

Element 

dolinium Ga 
Sa 
Ca 

marium 
dmium 
oron . B 

E 
Dy 

uropi1;1m 
spros1.um 

I t ~w-• o· . 

1100 
IG2 
118 

98-:--IU6 
% 
.35 

a 
. ----

Element 

Iridium· 
Mercury 
Rhodium 
Indium 
Gold 
Rhenium 

... 

I t 0
, CM"I II Element i:o. c1o1·• 

30 r Erbium 5,48 
15,45 Hafnium 4,71 

11 Silver 3.6·1 
7,26 Cobalt 3,37 
5,78 Lithium a.w 
5.57 

Note. The absorption .of thermal neutrons by 
lithium, in contrast to the other materials, 
is not accompanied by y-radiation. 
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Chapter 16. Transporting Radioactive Material and Disposal of Radioactive 
Waste 

16.1. Transporting Radioactive Substances 

The loading, transporting and unloading of radioactive materials constitute 
one of the types of operations with these materials and are carried out in 
strict accordance with the requirements of the radiation safety norms and 
the basic sanitary operating rules with radioactive materials of the OSP-72. 
In the development of these norms and rules considering the recommendations 
of the International Agency on Nuclear Power in 1973 the "Safety Rules for 
Transporting Radioactive Materials," No 1139-73 (PBTRV-73), were put into 
effect in the USSR, which are mandatory for institutions, organizations and 
enterprises of all the ministries and departments engaged in the shipping, 
transporting, loading and unloading and storage of radioactive materials. 
The indicated rules apply to the hauling of radioactive materials: 

1) with a specific activity of more than 0.002 microcuries/g; 

2) a total activity exceeding that indicated in the corresponding table of 
the appendix to NRB-76 by tenfold [2] (that is, 10 times greater than that 
which corresponds to working with stable nuclides). 

The transportation of radioactive materials with an activity less than that 
indicated is carried out in. production-technical packaging excluding the 
spread of these materials_ to the environment; in this case the exposure dos
age power of the radiation on the surface of the packaging must not exceed 
0.3 mrem/hr. On the outside surface of the packaging there must be no ra
dioactive surface contamination, and on the inside surface, a radiation dan
ger symbol is applied. On observation of the enumerated requirements, these 
packages are hauled by all forms of transportation and postal service, and 
they are stored in general warehouses as ordinary freight. In other cases, 
the procedure for hauling radioactive materials is regulated by the PBTRV-73. 

Uranium and thorium ores are hauled in packaging excluding scattering of 
them. The hauling of fissionable materials in nuclear explosion amounts is 
regulated by special documents. 

142 

FOR OFFlf'll\J 11~1=' """ v 



:OR OFFICIAL USE ONLY 

The basic condition insuring safety of people when hauling radioactive mate
rials, just as when working with them, is the restriction of the dosage of 
external and internal irradiation to values not exceeding the maximum limit 
according to the NRB-76, Therefore during hauling of radioactive materials 
by all types of transportation it is necessary to satisfy the following re
quirements: 

1. Place the radioactive materials in packaging insuring protection of the 
people constantly engaged in the acceptance, unloading, storage, shipping 
and transportation of the packages and individuals from the population 
against radiation of more than 5 and 0.5 rem/year, respectively, or above 
the operating control doses established by the administration. 

2. Take the necessary measures to prevent contamination of the packages, 
the transport means, specialized clothing and the ordinary freight hauled 
with these materials above the level indicated in the NRB-76 with radioac
tive materials. 

3. Realize the loading and unloading of the packages with radioactive mate
rials in the shortest time possible using the loading and unloading means. 

4. Location of the packaging with radioactive materials at distances from 
people so that the radiation dosage will not exceed the admissible values. 

It must also be remembered that it is possible to expose undeveloped movie 
film, regular photographic film and X-ray film and plates and the packages 
with them must be placed at distances insuring complete preservation of 
these materials. 

During transportation, storage and packaging the radioactive materials are 
divided provisionally into three groups (types): 

1) radioactive materials, on the decay of which, aiong with the a- or S
radiation, y-radiation is emitted; 

2) radioisotopic sources of neutrons or neutrons and y-radiation; 

3) radioactive materials emitting a- or S-particles. 

Depending on the power of the equivalent radiation dosage on the surface or 
at a distance of 1 meter from the surface the radiation packages are divided 
into transport categories (Table 16.1). 

The hauling of packages of transport category IV is permitted only on spe
cially equipped transport means or in places on board the ships specially 
set aside with strict observation of the requirements of the special in
structions. In these cases, the possibility of joint hauling of unexposed 
movie film, photographic film and X-ray films and plates with the packages 
is in practice excluded. 
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Table J.6.1. Transport Cater,ories of Radiation Packaging 

Dosage Power at Any 
Packaging Point of Outside 
Category Transport Category Label Packaging, mrem/hr Transport Index* 

I White with one red stripe 0.5 Not taken into 
account 

II Yellow with two red 50.0 1 
stripes 

III Yellow with three red 200.0 10 
stripes 

IV Yellow with four stripes 1,000.0 50 

* Maximum power of the equivalent dosage at a distance of 1 meter from any 
surface of the packaging expressed in mrem/hr is called the transport index. 

Inasmuch as the danger from hauling radioactive materials is determined to a 
significant 'degree by the quality of the packaging sets, the latter must cor
respond to the following basic requirements: a) prevention of spread of the 
radioactive materials to the environment under shipping conditions with pos
sible emergencies; b) attenuation of the power of the dosage to the level 
indicated in Table 16.1. 

The type A packaging must maintain a seal and protective properties under 
the conditions of minor emergencies not accompanied by a temperature effect. 
The type B packaging must retain its seal and protective properties from 
ionizing radiation under the conditions of small and medium emergencies ac
companied by a thermal effect. 

In order to set aside the indicated requirements, the A and B type packaging 
must have the following parts to its composition: 

1) the primary container for direct placement of radioactive materials in it 
(sealed glass or metal ampules or bottles for liquids and gases, cans or am
pules with a ground stopper for solid radioactive materials); 

2) additional materials and parts designed for protection of the primary 
container from destruction in case of shock or impact and also to prevent 
the penetration of the radioactive materials beyond the limits of the pack
ac;ing in case of damae;e to the primary container and for attenuation of the 
radiation. As the additional materials special holders, inserts, paraffin 
containers, sorbing materials, and so on are used; 

3) the protective containers for improving the preservation of the primary 
container; 

4) the secondary container for excluding the spread of the radioactive mate
rials in emergencies; 
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5) the shielding container designed to attenuate the radiation of the ra-
.dioactive materials. The material and the size of the shielding containers 
are selected as a function of the group of radioactive materials transported, 
their activity and packaging category; 

6) insert installed in the shielding container for additional attenuation of 
the radiation; 

7) auxiliary sleeves for the convenience of loading the tank into the 
shielding container; 

8) outer packaging made of cardboard or metal designed to prevent contamina
tion of the service personnel, the freight hauled together with it, the fa
cilities and the transport means with radioactive materials, for protecting 
the containers from surface contamination and mechanical damage. The out
side packaging must have a smooth surface (easily deactivated), and the ra
diation danger symbol. The transportation of the containers with radioac
tive materials without outer packaging is forbidden. The PBTRV-73 rules 
have established the values of the maximum admissible activity for 260 ra
dionuclides during transportation of them in the type A packaging. 

The mass and the overall dimensions of the packaging must satisfy the re
quirements established for hauling freight by the corresponding types of 
transportation. The packaging weighing more than 10 kg must have fittings 
providing for movement and carrying of them manually and by the load-lifting 
machines. 

The hauling of radioactive materials in packaging of all transportation cat
egories can be.realized by air, railroad, by sea, river and motor transpor
tation with observation of the specific rules established for each type of 
transportation which will not be discussed here. The general requirements 
imposed on the transportation of packages. with radioactive materials are 
presented below. 

In order to insure safety when hauling, it is forbidden that the packages 
with radioactive materials be transported by public municipal transportation 
(streetcars, trolley buses, motor buses, subway, passenger cars of interur
ban trains). It is permissible to transport packages in categories I and II 
in taxis without extraneous passengers. 

It is forbidden to transport and store packages with radioactive materials 
together with easily flammable, explosive and caustic substances, compressed 
and liquefied gases. 

Before shippinr, packar~es with radioactive materials, the shipping organiza
tion is obligated to measure the power of the equivalent dosage from each of 
the packages to determine the transport category and the transport index, to 
check whether there is contamination of the outside surface of the packaging 
with radioactive materials. The level of contamination of the external 
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surfaces of the outer packaging and the outside surfaces of the shielding 
container must not exceed the value indicated in Table 5.11 (the "transport 
media" rows). •;' 

On the basis of the performed measurements the shipping organization equips 
the packages with radioactive materials with the accompanying documents in 
which the name of the material, the activity group, the transport category 
or transport index and the weight of the radiation packaging are indicated, 
and the "radioactivity" stamp is put on the documents. The indicated docu
ments acco~pany the freight on the entire trip (they are applied to the out
side packaging). 

The shipping organization is obligated to seal the container with the radio
active materials and the outside packaging. 

The responsibility for observing the. requirements imposed on the packaging 
with radioactive materials and the shipment of them is borne by the shipping 
organization (as a rule, the organization putting the radioactive materials 
in the packaging). 

The acceptance of the packages with radioactive materials for hauling is on 
the basis of a request previously given to the corresponding transportation 
organization with indication of the time for delivery of the packages, their 
transport categories, the number and total weight. When shipping short
lived radionuclides, the corresponding note is placed in the request. If 
the packages require special shipping or storage conditions (outside tem
perature, moisture, pressure, and.so on), then they also must be indicated 
in the request. When the required hauling conditions cannot be created for 
technical reasons the transportation organization is obligated to warn the 
shipper of this on accepting the shipping request. 

When filling out the request to ship packages with radioactive materials of 
any transportation categories the shipping station (port, airport, and so 
on) is obligated to report the trip or transportation numbers (aircraft, 
ship, and so on) and the shipping date to the shipping organization. These 
data and also the total weight of the packages with a special note on the 
presence of heavy packages and short-lived nuclides must be reported by the 
shipper to the party receiving the freight by telegraph. 

The organization which accepts the freight for shipping can perform a con
trol weighing and dosimetric check of the categories of radiation packages 
and also check the contamination of the outside surfaces of the outside pack
ages and in case of noncorrespondence of category or weight not accept the 
packages for shipping. 

During transportation and storage the packages must remain vertical and be 
fastened reliably. Therefore the shipping organization is obligated to pro
vide the transportation organization with the required fastening materials 

·. which are provided for by the general rules for transporting ordinary freight 
requiring fastening. 
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'l'he shippin~ of packar;es with radioactive materials of categories I, II and III can be done on transport means not designed especially for this purpose at the same time as for hauling packages of category IV special transport means are required (railroad cars, motor vehicles, aircraft, and so on). 
The loading and unloading of packages in categories I, II and III on aircraft, maritime and river ships are carried out by the transport organization if the total transport index does not exceed 50 mrem/hr. The same thing pertains to hauling in the universal containers of the Ministry of Railways and to the small shipments at the railroad stations. In the remaining cases all of the packages, including transport categories I and II, is accomplished by the shipping organization, and the unloading, by the receiving organization. In the presence in the transport organization of loading and unloading mechanisms they must be granted to the shipper or receiver for maximum reduction of the work time and removal of the people from the packages. 

With respect to presence of packages with radioactive materials the chief of the corresponding destination point is obligated to inform the receiver immediately about them. The packages with radioactive materials are delivered to the receiver with the shipper's seal without checking their content or weight. The receiver has the right to a control inspection of the radioac"".' tive contamination of the outside surfaces of the packages and correspondence of them to the transportation categories. When detecting lack of correspondence the receiver is obligateq_ to inform the local agencies of the Sanitary Inspectorate and the Ministry of Internal Affairs for investigation by the established procedure. 

Packages of transport categories I, II and III can be stored temporarily in the freight warehouses at the destination in an amount such that the total transport indices do not exceed 50 mrem/hr. The packages in category IV cannot be stored in ordinary warehouses. 

On destruction of the intec;ralness of the outside packaging, a document is filled out by the established procedure without opening the shielding container and ch.eckinr; its contents. The shipping organization, the local sanitary inspection agencies and the agencies of the Ministry of Internal Affairs are immediately notified of what has happened. The contents of the container are checked only in the presence of radiation safety conditions at the facility of the consignee. The results of this check are filled out on a form with the participation of the local agencies of the Sanitary Inspectorate and the Ministry of Internal Affairs. If a partial or complete loss of radioactive materials is detected, it is necessary to establish the location of the lost material and the location of the possible radioactive contamination. 

16.2. Collection and Disposal of Radioactive Waste 

According to OSP-72 the following materials which are unsuitable for further use are included in radioactive waste. 
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1. Liquid materials with a content of radioactive substances, the specific 
activity of which (in curies/liter) exceeds the admissible concentration of 
radionuclides in water. 

2. Solid materials and objects with radioactive material content if the con
ta.mination level exceeds 500 a-particles/min or 5,000 S-particles/min from 
an area of 100 cm2 , specific activity (curies/kg) exceeds the DK of the ra
dioactive nuclides of the water by 100 times, the specific y-equivalent ex
ceeds 10-7 g-equiv Ra/kg, and the power of the dose next to the surface more 
than 0.3 mrem/hr. 

At the institutions where liquid waste is formed daily in a volume in excess 
of 200 liters with specific activity exceeding the DK by 10 or more times, 
for water, according to NRB-76, a special sewer is constructed with purifi
cation structures. 

The solid and liquid radioactive waste containing short-lived nuclides with 
a half-life of up to 15 days must be held until their activity drops to the 
values indicated in items 1 and 2, after which the solid waste must be re
moved with ordinary garbage and the liquid, in the domestic sewage. 

The holding time of radioactive waste containing a large amount of organic 
materials (the bodies of experimental animals, and so on) must not exceed 5 
days if there is no possibility for holding them at low temperatures or in 
solutions permitting storage of the waste for a longer period of time. 

It is permitted to discharge water into the domestic sewers with a concen
tration of no more than 10 DK in the water, according to NRB-76, if tenfold 
dilution with nonradioactive water is insured in a collector of a given in
stitution. When removing the waste water to the open tanks, the content of 
the radioactive materials in the waste water at the discharge point into the 
tank must not exceed DK in the water. The discharge of waste into ponds and 
lakes designated as fish and water-bird preserves is forbidden. 

The easily flammable and explosive radioactive waste must be converted to an 
explosion- and fire-safe state before removal. 

From what has been stated above it follows that the gathering of the radio
active waste must be carried out separately depending on the physical state, 
the explosion and fire hazard and the half-life. The gathering of radioac
tive waste directly at the locations where it is formed must be carried out 
separately from the ordinary garbage. The collection of the waste in the 
work areas and the removal to places designated for temporary storage and 
holding or burial is done by people directly engaged in working with radio
active materials or people specially a~signed for this purpose. 

For collecting and transporting solid and liquid radioactive waste inside an 
institution or enterprise it is necessary to use special like collectors, the 
size and design of which are determined by the amount of waste, the type and 
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the energy of the radiation. The collectors for various purposes must have 
a sufficient mechanical strength for transportation of radioactive waste in 
them. 

The inside surfaces of the multiple-use collectors must be made of low
sorbing smooth material permitting treatment with acids and special solu-
tions. The structural design of the collectors must provide for mechanized 
loading and unloading of them from the transport means. The power of the 
radiation dosage at a distance of l meter from the collector with radioac
tive waste must not exceed 10 mrem/hr. 

The collector containers must be filled with the liquid radioactive waste 
inside the institution or enterprise under conditions excluding the possi
bility of random spills. The liquid waste which is subject to removal to 
the burial point must be neutralized to pH= 7 by people directly working 
with radioactive materials. 

The bodies of pickled animals with radioactive material content must first 
be disinfected by a 5-percent solution of lysol or 10-percent formaline so
lution by introducing wadding or gauze wet with the. indicated solutions into 
the abdominal cavity. When placing the corpses in the packaging, they must 
be covered with dirt or sand. 

The collectors for solid and liquid radioactive waste must be installed in 
the work areas in the lower part of the exhaust hood and chambers or in spe
cially set aside places on trays with a side. The transportation of the col
lectors in the territory of the institution or enterprise to the locations 
for temporary storage of the radioactive waste is realized on special dol
lies or manually. 

For temporary storage and holding of the radioactive waste at the institu
tions and enterprises it is necessary to equip specially set aside facilities 
which must be located in a separate building or isolated wing of the building 
at the level of the lower marks and have reliable hydraulic in.stallations. 
The finish, the equipment and the ventilation of these facilities or sections 
must correspond to the requirements imposed on the operations of no lower 
than Class II. It is necessary that the walls, the floor, the ceilings and 
doors provide protection of the adjacent facilities and territory from ex
ternal radiation. The location of the containers with the waste must have 
corresponding protective attachments insuring the required reduction in ra
diation level outside its limits. 

The temporary storage and holding of the containers with radioactive waste 
containing sources of y-radiation with an activity equivalent to 0.2 g-equiv 
Ra and more is realized in specially equipped protected wells and holes. 
The temporary storage of the containers with the radioactive material con
taining emanating radioactive materials must be done in exhaust hoods or in 
shelters. The hood is equipped with a round-the-clock operating exhaust fan 
having a reserve fan. The radioactive. waste must be transported on specially 
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equipped motor vehicles with covered body or tank (for liquid waste). The 
power of the dosage at any point on the outside of the motor vehicle is per
mitted to be no more than 200 mrem/hr, and in the driver's cab no more than 
2.8 mrem/hr. The motor vehicles and the replaceable collectors are deacti
vated after each trip to the level indicated in the NRB-76 (see Table 5.11). 

The temporary storage and transportation to the burial points of the bodies 
of the animals are carried out in individual containers. For the large-size 
radioactive waste it is necessary to use a special container which excludes 
the possibility of contaminating the environment with radioactive materials. 
In a number of cases it is possible to permit cutting of this waste into 
sections with subsequent packaging or preliminary deactivation in order_to 
transport it outside the packaging. 

For loading the containers on the special transportation and temporary stor
age of the clean interchangeable containers at the institution or enterprise 
alongside the facility for temporary storage of the radioactive waste it is 
necessary to set up special areas having easily deactivated strong coating 
and convenient approaches. 

The deactivation of the collectors of radioactive waste must be done in a 
specially equipped facility or in a specially prepared section in the fa
cility corresponding to the requirements imposed on the facility in which 
work of the corresponding class is done. 

The preparation of the waste for shipment and the loading of the containers 
on the transport means are done by the organization which is t~ning over 
the waste. Nonradioactive fuels, explosive or spontaneously combustible 
solid and liquid waste are not received at the burial station. 

The responsibility for proper organization of the gathering, temporary stor
age and turnover of radioactive waste at the burial stations is invested in 
the institution or enterprise director or the coworker assigned by order who 
must systematically account for the radioactive materials in the given orga
nization and the radioactive waste formed during the operating process and 
also radiation monitoring during gathering and removal of this waste. 
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Chapter 17. Insuring Radiation Safety inOrganizations and at Enterprises 

17 .l. The Rights and Duties of Administrative-Technical Personnel 

The insurance of the health conditions of labor of the coworkers of the en
terprises or the scientific research institutions conducting operations with 
radioactive materials and other sources of ionizing radiation requires ef
forts and expenditures of defined means. 

The general direction and the responsibility for proper organization at the 
* enterprise or in the institution of operations with respect to radiation 

safety, the observation of the effective laws with respect to labor protec
tion, the principles, rules~ norms and instructions with respect to radiation 
and nuclear safety are invested in the director and the chief engineer (dep
uty director). The personal responsibility for the radiation safety is borne 
by the chief engineer (the deputy director). Special radiation safety ser
vices realize monitoring which in the larger organizations or institutions 
enter into the sections for the protection of labor and safety engineering. 
The nuclear safety inspections at the enterprises and in the institutions 
are made by specially designated groups (people) urider the general proce
dural direction of the Gosatomnadzor (GAN) of the USSR. 

The administration of the enterprise is obligated to do the following: 

1) create healthy and safe conditions of labor for the people working at the 
enterprise, take measures to prevent accidents and occupational disease, in
sure the implementation of the measures with respect to radiation safety in 
the podrazdeleniye; 

2) insurance of correspondence of the technological regimes, the applied 
equipment, the protective means and attachments to the radiation safety re
quirements; 

3) organization of the performance of the preliminary and periodic medical 
examination of the industrial and office workers in accordance with the list 
of enterprises and occupations approved by the Ministry of Public Health of 
the USSR; 
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4) provision of the industrial and office workers under harmful conditions 
of labor with specialized clothing, special footwear, individual protection 
means, free milk or special foods in accordance with the existing norms; 
granting a short workday and additional paid vacation; 

5) provision of all of the podrazdeleniye· with instructions with respect to 
radiation safety guaranteeing safe conditions of labor in each work area 
considering the nature of production, the peculiarities of the equipment, 
the tec~ological process and the materials used and also providing for the 
actions to be taken by the workers in case of emergencies; 

6) systematic checking of the knowledge of the rules and norms of radiation 
safety to the people occupied with radioactive materials and sources of ion
izing radiation independently of the jobs they hold; 

7) systematic performance of the instructions and training with respect to 
the problems of radiation safety with all coworkers of the enterprise in ac
cordance with the work done, including those sent to the enterprise; 

8) not permitting enterprise coworkers to work who have not gone through the 
instructions for radiation safety (including those sent); 

9) organization of systematic control of the radiation safety level of the 
operations performed and irradiation of the personnel in all of the podraz
deleniye working with any quantity of radioactive materials and radiation; 

10) the development and approval in accordance with the production structure 
of the job instructions defining the rights, the obligations and the respon
sibility of all of the engineering and technical workers and scientific co
workers of the enterprise in the area of insuring radiation-safe conditions 
of labor; 

11) proper and timely examination and consideration of the emergency cases 
connected with radiation damage. Immediate reporting to the superior in
stances on group, fatal and severe accidents and also radiation emergencies 
at the enterprise. 

At the enterprises where there are large nuclear installations (reactors, 
accelerators, radioisotopic devices, and so on), in accordance with the spe
cific nature of production, distribution of the obligations with respect to 
insuring safe operation and maintenance of the equipment among the chief 
mechanic, the chief engineer and the building (project) chief is established 
by the basic instructions coordinated with the division of labor safety and 
safety engineering and approved by the enterprise management. 

The building (facility), service, section, division, shop, laboratory, con
struction section, workshop, group, shift and unit chiefs bear responsibil
ity for the radiation safety in the work sections entrusted to them, and 
they are obligated: 
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a) to perform all measures insuring improvement of the conditions of labor! 
a reduction in injuries and disease rate; 

b) to insure inspection of the condition and maintenance of the production, 
auxiliary and domestic facilities; 

c) to maintain proper operation and the effectiveness of operation of the 
ventilation units; 

d) to organize proper and safe storage, transportation and the application 
of radioactive materials; 

e) to take measures to prevent contamination of the environment and the work 
areas with radioactive materials, support of reliable operation and mainte
nance of the shop decontamination systems and discharge of the industrial 
waste wate~; 

f) to equip the workers, in accordance with the existing norms, with special
ized clothing, special footwear, safety devices, protective means, free milk, 
medical and preventive nutrition, and so on; 

g) to inspect to see that the subordinates and workers adhere to the rules, 
instructions, orders and indications with respect to radiation safety prob
lems; 

h) to hold instruction sessions with the workers on safe methods of opera
tion; 

i) to develop instructions with respect to radiation safety and provision of 
the workers with them, and the section workers with the necessary warning 
inscriptioqs and symbols. 

The podrazdeleniye directors of the institutions or enterprises connected· 
with the application of radioactive materials or sources of ionizing radia
tion are obligated to do the following. 

1. Coordinate with the labor safety and safety engineering section of the 
enterprise or the institution measures aimed at maintaining radiation 
safety in each work section. 

2. Immediately after receiving the assignment to perform new radiation
hazardous ~ork officially notify the radiation safety service of the planned 
work and report its basic characteristics (the scale of operations, the type 
of material or radiation used, the state of aggregation of the material, the 
radiation power, a~d so on). The performance of any operations with radio~ 
active materials and sources of ionizing radiation without coordination with 
the radiation safety service of the enterprise is categorically forbidden. 
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At the enterprises where there are large nuclear devices, in accordance with 
the specific production, the performance of the radiation-hazardous opera
tions is regulated by the basic instructions coordinated with the labor 
safety division and approved by the enterprise management. 

3. Before beginning work with radioactive materials and radiation develop 
detailed instructions for radiation safety, providing in each phase of the 
operations the coworkers responsible for insurance of safe conditions of la
bor with measures to protect the personnel from overradiation; measures in
suring safety when processing the compounds, transporting and removing the 
solid, liquid and gaseous radioactive waste from the enterprise and also the 
operations of the personnel during an emergency and elimination of its con
sequences. When developing the instructions it is necessary to give special 
attention to the protection of the coworkers from radioactive materials get
ting into the organism. 

4. Forbid work under harmful conditions to the coworkers not provided for 
by the medical sanitary unit or removed by it from the zone of harmful con
ditions of labor. 

5, Report all information on the work done required for proper evaluation 
of the radiation safety to the management of the radiation safety service. 

The instructions on radiation safety have been developed by the direct man-, 
agers of the operations, they have been agreed on with the section on labor 
safety and safety engineering and are approved by the enterprise management. 
The instructions must be reexamined annually considering the published guid
ance materials, and each time on variation of the operating conditions, 
equipment and processes. 

In order to obtain permission to work with the application of radioactive 
materials and sources of ionizing radiation, each worker coming to the en
terprise must go through introductory instruction sessions and instruction 
in his work area. The permission for independent work is granted after 
study in the work area and for operations requiring special training after 
the special training and passing exams. 

The introductory instruction sessions are held by the coworkers of the divi
sion of safety of labor and safety engineering or by a person assigned by 
the chief of this section in an individual procedure with each new worker. 
The instruction sessions are formulated in a specially numbered and printed 
journal or on personal cards with mandatory signatures of the instructors 
and the instructed personnel. 

All of the newly hired or designated chiefs of divisions, laboratories, 
shops, groups and units, scientific coworkers, engineering and technical 
workers and masters are obligated to pass a test on knowledge of the rules 
and norms of radiation safety in 1 month after the day of being appointed to 
the job in the commission designated by order for the enterprise. The re
peated testing of the knowledge of the rules and the radiation safety norms 
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for the enumerated group of coworkers is done at times established for the 
given enterprise or institution, but no more rarely than once every 2 years. 

The direct management holds the instruction sessions in the work area with 
each newly hired or transferred coworker. 

In addition to the indicated types of instruction, periodic (repeated) daily 
(current) and extraordinary instruction sessions must be held at the enter
prise. The periodic instruction sessions are realized by the direct manage
ment with a group of coworkers employed in operations with radioactive mate
rials and sources of ionizing radiation at the times established for the 
given podrazdeleniye, but no more rarely than twice a year. The daily in
struction sessions are also held by the direct management before the begin
ning of the workday, when obtaining new work and during the execution of it. 
When detecting violations by the coworkers of the radiation safety rules 
(for example, accidents in the given podrazdeleniye or in adjacent sections) 
the direct management of these operations is obligated to hold an extraordi
nary instruction session with indication of the people responsible for the 
radiation safety conditions. 

The monitoring of the timeliness and the quality of the instruction sessions 
with respect to radiation safety is the duty of the section on safety of la
bor and safety engineering of the enterprise. 

Each enterprise worker that detects a violation of the radiation safety rules 
is obligated immediately to report this to his direct chief, and in his ab
sence, to the superior manager. In the case of violations threatening an 
emergency or accident, each worker must take all measures to prevent them 
with subsequent information of the manager and the trade union committee 
(the technical inspector). 

The managers of the operations guilty of violating the labor laws, rules and 
norms for radiation safety bear responsibility in accordance with the exist
ing laws on the disciplinary, administrative and criminal level. 

17.2. The Radiation Safety Service 

At the enterprises and in the scientific research organizations conducting 
operations with radioactive materials and sources of ionizing radiation, in
dependently of their quantity it is necessary to realize systematic monitor
ing of the labor conditions and irradiation of the personnel. 

In the small collectives this control can be entrusted to one of the scien-. 
tific coworkers or engineers in accordance with familiarity with the basic 
operation. In the large organizations with a large volume of work with ra~ 
dioactive materials and sources of ionizing radiation, the monitoring of 
the satisfaction of the requirements of radiation safety must be done by 
special services. As a rule, in such organizations a dosimetric monitoring 
service (DK service) is created, and for the performance of the scientific 
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research and procedural work with respect to radiation safety, research procedural laboratories or groups. In addition, at the enterprises where a large amount of dosimetric and radiometric equipment is in operation, a group checking and calibrating the do.simetric and other equipment used by the dosimetric service is necessary. 

The basic goals of the dosimetric service consist in ensuring safe conditions of labor by careful dosimetric monitoring, timely prevention of overradiation of the coworkers of a given enterprise and the population of the adjacent terrain and also the promotion of systematic reduction of actual irradiation to the technically insured and economically acceptable low level attainable in practice. Therefore the DK service is obligated to realize the following. 

1. Measure the level of ionizing radiation in the work areas. 

2. Monitor the operating regime and select the protective means for performing the operations at the locations with high radiation level or high content of radioactive materials. 

3. Systematically consider and analyze the irradiation of the personnel employed in the operations with radioactive materials and in the zones of effect of the ionizing radiation. 

4. See to the radiation cleanness of the clothing and footwear and also the quality of the sanitary processing of the body of the workers. 

5, Systematic checking of the contamination of all types of transportation servicing the enterprise. 

6. Monitoring of the contamination of the air with radioactive gases and aerosols in the production facilities and in the territory of the object. 

7, Measurement of the contamination of the surfaces of the equipment, the floors, walls, and so on with radioactive materials and tracing the quality of their deactivation. 

8. Monitoring the work of the air purification and ventilation structures in the shops, laboratories and other podrazdeleniye. 

9. Measurement of the content of radioactive materials in the drinking water at the enterprise. 

10. Monitoring the safe removal of liquid, solid and gaseous waste from the enterprise. 

11. Testing of the organization and course of the operations during emergencies and repairs. 
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12. Regular measurement of the radiation level at the burial and temporary 
storage points for the radioactive waste. 

13. Moniioring of the removal from storage and movement of radioactive 
sources through the work areas and also organization in the work areas of 
safe conditions of labor when working with them. 

The prevention of external overradiation is realized by two paths: monitor
ing the power of the dosage or the flow of ionizing particles in the work 
areas and individual dosimetric control. In both cases the control can be 
carried out using measuring equipment, the purpose and characteristics of 
which are indicated in Chapter 13. · 

The readings of the individual dosimet~rs are picked up with defined peri
odicity determined by the nature of the work, the power of the radiation, 
the method of processing the materials used and the results of the measure
ments and other factors. The individual monitoring data are entered in a 
special log or a report card for the corresponding coworker. 

In accordance with the performed operations the DK service can have in its 
composition the following groups: a) operative monitoring groups; b) indi-

J vidual monitoring groups; c) air, water and soil monitoring; d) a procedural 
group. 

One of the most important goals of the radiation safety service is monitor
ing the internal irradiation of the personnel and the spread of the radioac
tive materials from the place of their formation through the territory ad
jacent to the enterprise (the observation zone), the irradiation.of the per
sonnel living in this zone. Accordingly, the dosimetric monitoring service 
is obligated to do the following: 

1) determination and reporting of all radioactive sources; 

2) determination of the quantitative and qualitative composition of the 
processed radioactive materials, their specific and total activity, the ac
tivity in the air of the production facilities and buildings; 

3) continuous quantitative measurements of the power of the discharge of 
gaseous arid aerosol liquid and solid radioactive waste; 

4) measurement of the concentration of radioactive materials in the air, wa
ter and soil in the territory of the enterprise and outside it; 

5) measurement of the concentration of radioactive materials in the subsoil 
water and the power of they-radiation dosage in the territory adjacent to 

· the locations 9f removal of the solid and liquid radioactive waste; 

6) monitoring of the effectiveness of the operation of the structures with 
respect to purification of the gaseous and liquid radioactive waste; 
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7) monitoring of the pollution of personal clothing and footwear of the en
terprise personnel, all forms of transportation and also the road paving in 
the territory of the enterprise and in the terrain adjacent to it. 

If the volume of monitoring of the environment is sufficiently great, the 
monitoring must be done by a specially assigned external dosimetry service. 
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